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MMPEJKWCJIOBUE

Yue6uoe nocoGue «CoBpeMeHHasi SMEKTPOHHKA H 3JIEKTPOHHBIC IPH-

» GOpBI» MpeAHA3HAYEHO JJIS CTYJEHTOB BTOPOrO M TPETLErO STANOB o6yue-

HHS AHTVIHACKOMY SI3BIKY 3JEKTPOTEXHHYECKHX M PajMOTEXHHYECKHX By-

30B ¥ (aKyJNBLTETOB M MOXKET GhITh HCNOJb30OBAHO ACNHMPAHTAMH, HAyYHLI-

MH ¥ HHXEHepHO-TEXHHYECKHMH palOTHHKaMH, H3YYalOLIHMH aHruf-
CKHHl f3bIK.

[Toco6ue COOTBETCTBYET BY30BCKMM NPOrpaMmaM MO aHIJIHHCKOMY
ASEIKY M KYPCY 3JIeKTPDOHHKH. B HeM paccMOTpenbl MpWHUMIK paboThi
5JeKTPOHHO-BAKYYMHBIX JIaMIl, TOJyIPOBOAHHKOBLIX AKOAOB H TPHOROB,
yCuJHTeNel, TeHepaTopoB, BHIPSMUTENeHl W METOJb [OCTPOCHHS HHTE-
rpajibHBIX CXeM.

TekcTel MOCOGHSI B3SITH M3 OPUrHHAILHBIX HCTOUYHHKOB, HEKOTOPHIE
U3 HUX YaCTHYHO aJalTHPOBAHEI ABTOPAMH. -

OcHOBHO/ HeJpl0 N0COGHS siBAsieTcd HHTeHcHDHKanus o6yueHus
CTY/€HTOB UTEHHIO OPHTHHAJIBHON JHUTEPaTyphi HO CIENHANLHOCTH M OC-
BoeHHe OGLIETEXHHUECKOH H TEPMHHOJOTHYECKOH JEKCHKH.

SruM 3ajfauaM NONYHHEHA €ro CTPYKTypa, OTOOD JIEKCHKH, MeTo-
AHKa ee,[IOJAYH, a TAKXKE CHCTEMa yNpaHEHHH.

B nocoGHH HaUUIH LIHPOKOE NPHMEHEHHE PA3JHYHbIE THIIB JIEKCH1e-
_CKHX TECTOB C HCIOJb30BaHHEM MPOrpaMMHUPOBAHHBEIX 3J1EMEHTOB.

ITocoGre paccuntano Ha 60—70 yueGHBIX UaCOB ayAHTOPHOH H 30—
40 yacoB caMoCTOsITeIbHOH paGoTH.

CTpykTypa nocobus

B nocobue BKJIOUEHO ABAANLATh OCHOBHBIX TEKCTOB, OOBEIHHEHHBIX
B NepBHIX CeMH pasjesaX. B KauioM pasjele Nepej -TeXCTOM MMEoTCA
yIpaXKHEHHs Ha NOBTOPEHHE MPaBHUJ YTEHHS M YIApPeHusd. B nocnepueM
YNpaKHEeHHH CJOBA Da3fielleHbl Ha CJIOTH, KOTOPbIE 0603HAUEHbI TOUKAMH.
Vxapuwii cor BhgeleH Gosbmod TouxkoH. s ypo6cTBa ayUTOPHOTO
uTeHHs a63albl TEKCTa IPOHYMepoBaHbl. [10] TEKCTOM YKa3aHO KOJHYECTBO
CONePKAUMXCS B HEM NeuaTHHX 3HAKOB M JaH KOMMEHTapHil.

Bonpockl K TEKCTY COCTABJIEHB! LeJIeHaNPABEHHO JIf O0yueHus gH-
HOTHPOBAHHIO TEKCTOB.

B cucremy ynpaxHeHH# BXOAHT NePeBOJ MHTEPHAUHOHAAbHBIX CJIOB
6e3 MCIONB3OBAHHA CJOBaps, YNPaXHEHHs Ha C0BOOGpasOBaHHe M JBE
IPOrpaMMHl JIeKCHKE. [lepBasi nporpaMma BK/ouder HanGosee 6nu3KHe
110 KOHTEKCTY CHHOHHMEI MJIH AHTOHHMBI, BTOpas — IJIarojs B HauGojee
yNOTpe6HTeLHOM 3HAYEHHH, Hapeuns, cayxeCHbe CJIOBA H BRIPAKEHUS.

B KoHle Kax{oro pasjgena NpeLIaraercsi CHCTeMa TeCTOB, KOQTO-
PHle HCIIOMBL3YIOTCS HE TONBKO AJIsi KOHTPONIS, HO H Kak o0yuaiolee Cpei-
CTBO 1 3h(EKTHBHOrO 3aNOMHHAHHS TEPMHHONOTHUECKOH H obute-
TEXHHYECKON JIeKCHKH, 3HAHHE KOTODOH HEOGXOLHMO IS -CBOSGAHOT®
YTeHHH ClelHaabHOH JHTepaTypul 6e3 CAOBapH.
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Tecr nepBuIfi NpefHa3HauaeTcs A5 KOHTPOASA YCBOEHHS CIEUHaNb-
HOH JIEKCHKH M COCTOHT H3 BOIIPOCOB, MOCJE€ KaXKIOro H3 KOTOPLIX Ipel-
JlaraeTcsi TPU BapHaHTa OTBeTOB. TpeGyercssi ONpeNeJHTb HpPaBHJLHER
BapHAHT OTBeTA.

Bropoli TecT mpepHasHaueH AJs1 KOHTPONS YCBOeHHA obmiell -Tex-
CHKH H IpejcTaBiasier coGoft rpynny aHIVIMHCKHX CJIOB H COOTBETCTBYIO-
mMHEX HM pyccknx. Heo6XOIUMO IS KaXKJAOro0 AHTJIMHCKOro CJ0Ba HalTH
COOTBETCTBYIOIlEe PYCCKOe 3HaYCHHE.

Tect Tperuil, OCHOBaHHEIA Ha NPHHIIMNAX CEMAHTHUYECKOH TPYNIHPOB-
KM JIEKCHKH (CHHOHHMHS, aHTOHHMHH), TpeGyeT oT ofyualomerocs BLGO-
pa CHHOHHMA HJIM aHTOHHMA K NOAYEDKHYTOMY CJOBY.

Tect uerBepTHil NpeicTaBled B BHJE HEOKOHUEHHHIX NPENJIOKEHHH,
K KaXJOMy M3 KOTOPHIX NMpeAjaraeTcsl TPH BapHaHTa ero NPOJOJKEHHUS .
Hcnonb3ys TexHHYeCKYI0 MHGOPMALHUIO, NOJYYEHHYIO NPH YTEHHH TeK-
CTOB JAHHOI'O pasfena, HeoOGXOAHMO NPABHJABLHO BHIGPATh ANBTEPHATHBY
W 3aKOHYHTH NIPEANOKEHHE.

ITocne TecToB B KOHIIE pasjeia ImoMeliaercs TeKCT. TeKCTH B pas-
neaax I, II, 111, V, VI npennaguavarorcs Anst nepeBopa 6e3 ciaosapd,
a B pasgenax IV, VII, IX — co cnoBapem. B pasgenax I u I mepex
TEKCTAMH [OMEIHeHbl BOIPOCLI, KOTOPEE OPHEHTHPYIOT Ha W3BJeueHye
onpenejenHoft wHGOpPMaNUU NPU YTEHHH TEKCTa.

Paspennt VIII—X pexoMeHRylOTCS 15 HOMOJHHTENbHOrO YTEHHS.
Kaxnplli paszen conpoBOKIaercsl TECTOM AJS KOHTPOJAs YCBOEHMS Clle-
HHaTbHON ¥ ofIel JIeKCHKH H YMEHHsI BOCIOJIb30BAThCH TONYUYEHHOH
TexHHYecKofl ungopmanueir. Ilpexsaraercs COCTaBUTh IJTaH K TEKCTaM
pasjena ¥ Hamucatb O HUM pedepar.

Kourpons 32 npaBHALHOCTBIO BBIMOJHEHHS TECTOB, a TAKXKE HEKO-
TOPHIX YOpPa)kKHEHHH M TEKCTOB, NMOMEUeHHBIX 3Be3LouKo# (*), ocymecr-
BJISIETCS C IIOMOLUBIO KJIIOYed, NaHHBIX B Kontle foco6usi. Bonpoc xopupy-
ercst Hudpoi, a orBer — GykBoi. OGpaszel BHINOJHEHUS TECTOB’B MHCb-
MeHHOH ¢dopMe IaH B KOHLE IepBOro pasjesa.

B npunoxenue BRIIOUEHBI: CHHCOK CJYXeGHBIX CJOB M BBHIDaXKEHHH,
YKa3aHusl 10 YTEHHIO APOGHHIX UKHCJIHTENbHBIX M MaTEMaTHYeCKHX 3Ha-
KOB, KPAaTKUil CHOHCOK COKPAIEHHH H YCJIOBHBIX OGO3HAUEHMH H CJIO-
Bapsb.

Kax pa6otath Hajx nocoGuem

Heo6xonuma cTporasi IOCAENOBaTeNLHOCTL H3yYEHHS Npenjarae-
Moro matepuania. Tak Kak cojepikanye pasienoB MOCTENEHHO YCI0XKHSIET-
Cs, X M3YUYEHHIO KaXKIOro NOCHENYIOIEero pasjena MOXHO NPHCTYNATh
TOJILKO TIOC/e TIOJHOTO YCBOEHHUS NPEXLIAYIIUX Pa3feoB H BHIOTHEHHS
BCeX TecToB.

PaGorte Hax XamABIM TEKCTOM HOJMKHO NpPEAIIeCTBOBATL BHINOJHEHHE
MOArOTOBUTENLHBIX YApPakHEHHHA, CIOCOOCTBYIOINX O6ojiee yCHEmHOMY
YTEHHIO U IOHUMAHUIO TEKCTA H YCBOEHHIO JIEKCHKH.

IMocnexroBaTeNbHOCTL PaGOTH Hal KamIbIM DasnesqoM cCieaylolas:

1. IMepepenuTe HHTEPHALHOHAMbHBIE CJOBZ, HE NOJb3YACh CJIOBA-
pem.

2. TlepesepnTe rPyNIbl CHHOHUMOB HJIM AHTOHHMOB. Jlaxe oJiHO 3Ha-
KOMO€ BaM CJIOBO B PHAY TOMOXKET ONpeNeJHTh 3HaUEHHE JPYIHX CJOB,
He ofpamasch K ciaoBapio. IToctapaiitech HX 3alOMHHUTD.

3. IMonb3yack caOBapeM WM CIHCKOM CJYXKeOHBIX CJIOB H BEIpaxe-
HUl, IepeBefiuTe HEH3BECTHLIE BaM IVIaroJibl HJIH CayxebHule C10Ba U Bhi-
paxenus.

4. BHNOJHATE YOpaXKHEHHS Ha CJOBOOGPa3oBAHHE.
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5. Orpa6orafiTe NPOH3HOIIEHHE, CTOSIIUX INePel TEKCTOM CJOB.

6. ITpournte Tekcr. Unrag, crapaiitecy cpa3y IOHATh COAepXKaHHE,
Jo6uBaiiTech CIHTHOrO YTeHMsl, ClNeZHTe 3a MPaBHILHOCTBIO yAapeHHs
U HHTOHAIUH.

7. IlepeBegure TEKCT, €CJAH B 3TOM €CTh HeOOXOAMMOCTh.

8. OrBeTbTe Ha BONPOCH K TEKCTY.

9. Ha oCHOBaHMH JAaHHEIX OTBETOB COCTaBbT€ AHHOTAIMIO HJIH pe-
3I0M€ HPOYHTAHHOI'O TEKCTa.

10. BuumaTenbHO NpopaboTaB TEKCThl ORHOrO pasfena, IpoBepbTe
ce6s Ha Tectax. EC/H TeCTH BHISHIBAIOT 3aTPYyAHEHHs B BHIGODE NPaBHJb-
HOH aJbTepHATHBH, OGpATHTECh CHOBA K CHHOHHMAM HJIH AHTOHHMam H
TEKCTaM COOTBETCTBYIOLIHX pAasfesoB M HaliiHTe TpPaBHJAbLHBIH OTBeT.
TecTH MOXHO BHIIONHATbL YCTHO WM MHCbMEHHO o ¢opMme, NaKHOH mocae
TeCTOB I1€PBOro pasjena.

11. Bpems oT BpemeHn Bo3Bpaiaiitech K TecTaM paHee npopa6otaH-
HBIX pasgenoB. IlpoBepsisi ceGs, Bl 3aKpenuTe €1ab0 YCBOEHHYIO JeK-
cHKky. Kioyamy K DIpOrpaMMHPOBAaHHBIM YIPaXHEHHSAM CIeAYyeT MOJb-
30BATHCA TOABKO s KOHTPOJIsI IPAaBUILHOCTH JJAHHOTO OTBETA HJH Ile-
peBOja.

ABTOpHl BBIpaKaloT 6arofapHOCTe BCeM TOBAapHIaM, OKa3aBIIHM
coxelictBue B pafore Haj JaHHBIM YueOHBIM NMOCOGHEM.

Asmopet



SECTION ONE
L

Pronunciation Drill 1

Practise the vowels in the open syllable:

nature ~ widely. use extreme probe
basis device tube theme remote
capable define huge kilometer ~ motion
Practise the vowels in the closed syllable:

plan distant industrial enter complex
expand principle  conductor hence biology
advent witness puzzle electron rocket

Pronunciation Drill 2

While reading these words pay attention to the stress mark-
ingst:

® o e O e @ o ® o o

orbit suggest computer national

mankind ensure designing vehicle

decade prepare develop calculate
TEXT 1

MODERN ELECTRONICS

1. Many scientists believe at present that mankind has
entered the era of a new technological revolution which was
brought about by the advent of cybernetics, whose ideas and
methods found their way into virtually all branches of science
and engineering, all the way from biology and medicine
to economy and industrial management.

1 Cm. Ilpeaucnosme, ctp. 5.



9. Electronics is one of the main sciences, which forms
the technological basis for using these new methods. Electron-
ics studies the problems connected with the application of -
instruments and devices, the action of which is based on the
utilization of various phenomena that result from the move-
ment of electrons through vacuum, gases and solid bodies.

3. Electronics surrounds us everywhere. Television,
tape-recording, radio-receiving—electronics js at the heart of
them all. But that is only a small part of electronics and not -
the most important at that.! Extremely complicated electron-
ic systems control the work of huge plants, enterprises and
power stations. Electronic appliances are indispensable for
planning and controlling our national economy.? Electronic
computers are widely used in scientific research and industri-
al designing. Huge radio-telescopes, equipped with sensitive
instruments and powerful amplifiers enable man to gain
an insight into® the remotest corners of space, discover new
and puzzling phenomena of nature. :

4. Now mankind is in the second decade of the cosmic era.
It was in 1957 that the first man-made satellite was launched
in our country, and now man has already set his foot on the
Moon, sends probes to distant planets and orbits the earth
in space vehicles. All this could not have been done but for
electronics.

5. Electronic computers calculate the trajectories of space-
ships, help prepare, launch and monitor the rockets that
carry the most complicated -and sophisticated equipment.
Radio-electronic systems ensure reliable communication with
space probes at distances amounting to scores of millions of
kilometres, relay relephotos of distant planets. Hundreds
of electronic devices perform various tasks oh board* every
satellite and spaceship. It may be said that in the near fu-
ture electronics will surely make great strides® and help the

humanity gain new victories in science and engineering.
1800
Commentary

1. and not the most important at that — no He camas
rJaBHas NpH 3TOM ‘
2. for planning and controlling our national economy —
]I [JIaHHPOBAHMA W YIPaB/IeHUs HAPOLHBIM X0351UCTBOM
3. to gain an insight into — IPOHHKHYTb B



4. on board — na Gopry
5. electronics will surely make great strides — ssexrpo-
HHKa, HECOMHEHHO, ClleflaeT GOJIbIIME yCIeXy

EXERCISES

I. Review questions:

1. What was the result of the advent of cybernetics?
2. What is electronics? 3. What do electronic systems contro!?
4. Where are electronic computers used? 5. What enables
man to gain an insight into the remotest corners of space?
6. When was the first man-made satellite launched? 7. In
what way are electronic computers used in scientific space
research? 8. What do radio-electronic systems ensure?

1. Make up an abstract of the text basing on the answers
to the abawe questions.

1. Translate the international words without a dictionary:

idea, era, problem, computer, orbit, planet, satellite,
rocket, basis, communication, cybernetics, trajectory, phen-
omenon, utilization, distance, nature, economy

IV. Define the meanings of the suffixes in the following
words and translate the words:
scientist, electrician, engineer, computer, examinee, ex-
aminer, semiconductor, connection, equipment, discovery,
reliability, appliance, existence, transmission, advantage,
width, relationship, rapidness, launching, freedom

V. Translate these synonyms and memorize them:
1. big (adj), large, great, huge, enormous, vast

movement (n), motion

smail (adj), tiny, little

main (adj), principal, chief

complex (adj), complicated, compound

many (adj), a lot of, plenty

basis (n), foundation, base

bring about (v), cause

perform (v), carry out

10. use (v), utilize, apply, employ

LPNDom N

VI. Translate these verbs and learn them:
to enable, to result from, to believe, to launch, to equip,
to discover, to connect, to form, to calculate, to surround
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Pronunciation Drill 1

Practise the sound lail:

type, widely, might, light, outside, apply, either, high,
by, design, oxide, primary, collide, mind, kind, tiny, finally

Pronunciation Drill 2

While reading these words pay attention to the stress markings:

@ o e @ ® o o o @ ¢

complex surround element intensive

aspect advance everywhere however

human allow afterwards discover
TEXT 2

FROM THE HISTORY OF ELECTRONICS

1. The realm of electronics of to-day influences almost
every aspect of human activity, while it was only in the be-
ginning of our century that the basic idea, which was to dev-
elop into one of the most astonishing sciences of our time,
was conceived. It was our Russian scientist A. S. Popov,
who discovered the principle of wireless communication that
finally led to the development of electronic tubes for use in
various communication devices.

9 In 1904 D. A. Flemming suggested a two-element tube
(two-electrode tube), and in 1907 De Frost invented a three-
electrode one. For a long time afterwards electronics was
used only for the purpose of communication and for ensuring
amplification and transformation of various signals in ap-
plied sciences.

3. Intensive development of radio-location began in the
early forties. All these years the vacuum tube was the heart
of electronics and, hence, the field of electronics was usually
defined as the study of the motion of electrons in vacuum
tubes. However, it was found that small, controlled quantities
of gas introduced into a “vacuum tube” could make it per-
form switchings, rectifying and other jobs. To include the
category of gas-filled tubes, “vacuum tubes” became convert-

11



ed to “electron’ tubes” and the science of electronics was
expanded to include the study of electron motion in gases.

4. The first semiconductor triode was invented in 1948.
It meant another important advance in the development of
electronics. Semiconductors possess a number of valuable
advantages over electron vacuum tubes, — miniature di-
mensions and high reliability. Thus electronics became the
study of electron motion in solids. The realm of electronics
widened still more. This opened up other fields of applica-
tion for electronics.

5. The rapid growth of computer technology gave birth
to! numerous types and models of electronic devices and com-
puters, capable of performing highly complex mathematical
calculations in a fraction of a second.

6. The last decade witnessed another stage in the develop-
ment of electronics. Integrated circuits came into being.?
Their applicatien allowed engineers to reduce the dimensions
of electronic devices and increase their reliability.

1800

Commentary

1. The rapid growth of computer technology gave birth
to — BrICTpLIE POCT BBHIYMCHUTENBHOM TEXHHKH BBI3BAA CO3-
NaHHe

2. came into being — nosBuIKCDH

EXERCISES

. Review questions:

1. What finally led to the development of electronic
tubes? 2. Who invented a two-electrode tube and a three-elec-
trode one? 3. What kinds of jobs can gas-filled tubes perform?
4. When was the first semiconductor triode invented?
5. What advantages do semiconductors possess over electron
vacuum tubes? 6. What did the application of integrated cir-
cuits allow engineers to do? '

Il. Make up an abstract of the text basing on the answers to
the above questions.

HI. Translate the international words without a dictionary:
type, aspect, principle, model, decade, technique, frac-

tion, calculation, complex, intensive, miniature, category,

electronic, technology, mathematical

12



IV. Define what parts of speech these words are and translate

them:
important, different, various, valuable, powerful, power-

less, scientific, technological, intensive, introductory, pos-
sible, produced '

V. Translate these synonyms and memorize them:

include (v), involve, contain, comprise °
convert (v), change, transform

basic (adj), fundamental

begin (v), start, commence

type (n), kind

numeious (adj), many

reduce (v), decrease

important (adj), significant

allow (v), permit, let

10. almost (adv), nearly

RN LN

V1. Translate these words and word combinations and learn

them:
finally, hence, however, at present, but for, through,

extremely, already, widely, highly

Test 11

Find the correct answer out of the three given to each questior.

1.

Which of the following sciences forms the technological
basis for cybernetics:

mathematics, electronics, chemistry

. Which of the devices is widely used in scientific research

and industrial designing:
a transformer, a motor, -a computer

. Which of the devices enabled man to gain an_insight into

the remotest corners of space:

a huge radio-telescope,- coloured TV, an electronic
computer

. Which of the following devices was the heart of electronics

in the first half of this century:
a gas-filled tube, a condenser, a vacuum tube

. Which of the devices reduce the dimensions of electronic

apparatus:
vacuum tubes, integrated circuits, transistors

1 Cwm, Mpepuenosue, crp. 6
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Test 2
I. Find Russian equivalents for the English verbs (see p. 147):

1. connect (a) oxpyxarb

2. form (b) Bepurb, mosararb

3. discover {(c) BBIUMCAATH

4. believe . (d) naBath BOSMOMKHOCTD
5. surround . (e) obopyrnoBarb

6. result from _ (f) orkpriBaTh

7. calculate - (g) sanyckatb

8. launch (h) coenuuaTh

9. enable (i) ABAATBCS pe3y/ibraToM
10. equip (j) o6pasoBriBaTHL

Il. Find Russian equivalents for the English words and word
combinations (see p. ...):

1. hence (a) yxe

2. already (b) uepes

3. widely (c) ecnu 6wl He

4. highly (d) Hakoueir

5. however (e) caenoBarennHo

6. at present (f) ouenb

7. but for (g) upesBbIUaliHO

8. through (h) mupoxo

9. finally (i) B HacTosiiee Bpems

10. extremely (j) omnako

II1. Match these synonyms (see p. 147):

1. utilize (a) huge

2. many (b) chief

3. enormous (c) transform

4. principal (d) compound

5. contain (e) begin

6. change (f) alot of

7. complicated (g) use

8. commence (h) foundation

9. base (i) little

10. tiny _ (j) comprise -
Test 3

Find a synonym (a), (b), (c) or (d) to the word or word com-
bination in bold type:
1. Alarge area — (a) small; (b) vast; (c) entire; (d) little
2. Complex structure — (a) unknown; (b) simple;
(c) complicated; (d) important
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3. The motion of electrons — (a) loss; (b) number;
(c) movement; (d) attraction
4. A lot of tubes — (a) plenty; (b) few; (c) two; (d) some
5. A basic subject — (a) diificult; (b) easy; (c) interest-
ing; (d) fundamental
6. To perform the same function — (a) follow; (b) have;
(c) mean; (d) carry out
7. To transform an electric current — (a) transmit;
(b) measure; (c) use; (d) convert '
8. To be nearly the same — (a) sometimes; (b) almost;
(c) usually; (d) always
9. The same kinds of devices — (a) applications; (b) sizes;
(c) types; (d) models '
10. The numerous experiments — (a) different; (b) easy;
(c) some; (d) many
11. To use a vacuum tube — (a) develop; (b) invent;
(c) apply; (d) buy
19. The mainidea — (a) new; (b) old; (c) good; (d) principal
13. The technological basis — (a) foundation; (b} process;
(c) revolution; (d) method
14. To permit the transmission of the electrons — (a)
stop; (b) allow; (c) limit; (d) use
15. The important problem — (a) difficult; (b) interest-
ing; (c) significant; (d) new
16. To decrease the temperature — (a) reduce; (b) in-
crease; (c) measure; (d) change
17. A small portion — (a) similar; (b) common; (c) tiny;
(d) great
18. The problem includes — (a) leads; (b) enables;
(c) means; (d) involves . :
19. To begin the experiment — (a) “use; (b) make;
(c) study; (d) start
20. A new technological revolution was brought about—
(a) developed; (b) spoken about; (c) caused; (d) based

Test 4

Finish each sentence choosing one of the three variants (a),
(b) or (c) based on the texts from Section I:
Instructions: V

For example:
1. The texts of Section 1 are about ..,
1R



(a) energetics; (b) electronics; (c) cybernetics.

Phrase marked (b) is correct. Write down letter (b) on the answer

sheet, like this: 1. (b) -

1.

10.

11.

12.

13.
14.

16

Many scientists believe that a new technological revolu-
tion was brought about by...

_ (a) chemical sciences; (b) cybernetics; (c) mathemat-
1cs. '

. Electronics as ‘a science appeared..,

(a) a century ‘ago; (b) in the early fifties; ((c) at the
beginning of our century.
The first manned spaceship was launched in...

(a) 1963; (b) 1961; (c) 1959.
The first man-made. moon was launched...

(a) imr the forties; (b) at the beginning of the twentieth
century; (c) in the second half of the twentieth century.

. The first mMan-made satellite was launched in...

(a) 1959; (b) 1957; (c) 1961.
Electronics involved the study of the problems connected
with the movement of... '

(a) electrons; (b) molecules; (c) atoms.
The transistor was developed...

(a) five years ago; (b) in nineteen forty-eight; (c) in
the early forties.

. The principle of wireless communication was discovered
b :

V...
(a) Popov; (b) Edison; (c) Bohr.
A two-element tube was suggested by...
(a) Dalton; (b) Newton; (c) Flemming.
A two-electrode tube was invented...
(a) in recent years; (b) at the beginning of this century;
(c) last year. .
De Frost suggested...
(a) a three-electrode tube; (b) a two-electrode tube;
(c) the first semiconductor device.
De Frost invented a three-electrode tube...
(a) last century; (b) in the fifties; (¢) in nineteen 0
seven.
Gas-filled tubes include the study of electron motion in...
(a) liquids; (b) solids; (c) gases.
In the middle of this century another important advance
in the development of electronics was the invention of...
. (a) gas-filled tubes; (b) vacyum tubes; (c) semiconduyc-
ors,



15. With the invention of semiconductors electronics became
the study of electron motion in...

(a) solids; (b) liquids; (c) gases.

16. Semiconductors possess a number of valuable advantages
Over...

(a) incandescent lamps; (b) electron vacuum tubes,
(c) gas-filled tubes.

17. Semiconductors are distinguished for their...

(a) large dimensions; (b) low reliability; (c) miniature
dimensions and high reliability.

18. The principal parts of the computer are...

(a) electric circuits; (b) electronic devices; (c) sources
of the alternating signals.

19. Electronic computers.s.

(a) perform highly complex mathematical calculation
in a fraction of a second; (b) perform only simple mathe-
matical calculations; (c) are widely used for different
kinds of measuring.

20. The application of integrated circuits allowed engineers...

(a) to decrease the dimensions and reliability of elec-
tronic devices; (b) to increase the dimensions and relia-
bility of electronic devices; (c) to reduce the dimensions
of electronic devices and increase their reliability.

(See keys to the tests on p. 147.)

Answer Sheet

Test 1: 1.—; 2.—; 3.—; 4.—; 5.— )
Test 2. It 1.—; 2.—; 3.—; 4.—; 5.—; 6.—; 7.—; 8.—7°9.—; 10.—

m: 1.—; 2.—; 3.—; 4.—; 5.—; 6.—; 7.—; 8.—; 9.—; 10.—
M 1.—; 2.—; 3.—; 4.—; 5.—; 6.—; 7.—; 8.—; 9.—; 10.—
Test 3: 1.—; 2.—; 3 i 5.—; 6.—; 7.—; 8.—; 9.—; 10.—; 1l.—;

- 34— 5.—; 6.—; 7.—; 8.—; 9.—; 10.—; 11.
12.-; 13.—; 14.— 15.—; 16.—; 17.—; 18.—; 19.—; 20.—

" Test 4: 1.—:; 2.—; 3.—; 4.—; 5.—; 6.—; 7.—: 8.—; 9.—; 10.—; 11.—;

12.—; 13.—; 14.—; 15.—; 16.—; 17.— ;18.—; 19.—; 20.—

N ote: Instead of dashes write down your answer in the form of

a word (e.g. Test 1. 1. electronics; 2.—; 3.—, etc.) or in the form of
a needed letter (e.g. Test 2. I: 1. (h); 2.—, 3.—, etc.)

After reading the following text be ready to answer these
questions.
1. What station was launched in 1970 in the Soviet Union?
2. What was the purpose of the flight? 3. What equipment
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was installed (ycranosieno) aboard the vehicle? 4. How was
the movement of the automatic station controlled?

TEXT

1. On November 10th, 1970, the Luna 17 automatic sta-
tion was launched in the Soviet Union. The purpose of the
flight was the perfection (ycosepuwencrsosanue) of the new
systems, carried by the station and the further scientific
study of the Moon-and near-Moon space.

2. The Luna 17 automatic station landed on the surface
of the Moon on November 17th, 1970. An automatic lunar
vehicle has been placed on the Moon for the first time in the
history of cosmonautics. Flags and pennants (BBIMIIENIBY) With
the image of the state emblem of the USSR and a basrelief
portrait of Lenin were installed (ycranosnensi) on the Luno-
khod 1 and on the landing stage.

3. The self-propelled (camoxomumit) vehicle was equipped
with scientific apparatus and instruments, and conirol ra-
dio communication and TV observation systems for research
operations on the Moon at different distances from the place
of landing. A French laser reflector had been installed aboard
the Lunokhod 1 according to the Soviet-French agreement
(cornamenne) on cooperation.

4. The movement of the Lunokhod 1 was controlled from
the centre of long-distance space communications utilizing
the TV information. The successful work of the Ist world
self-propelled automatic station Lunokhod 1 lasted 10 months
and a half. During its stay on the Moon the vehicle covered
the distance of 10,540 meters. With the help of the scientific
radio-electronic equipment installed on board the Lunokhod
1 more than 20,000 panoramic pictures of the lunar surface
were taken and transmitted to Earth and other valuable
scientific information was received. The highly complicated
radio-electronic equipment ensured the transmission of var-
ious information to Earth concerning the physical conditions
on the surface of our satellite.

SECTION TWO

Pronunciation Drill 1

Practise the sound [o:]:
also, always, already, small, almost, although, thought,
all, important, more, four, ball, orbit, force, call, brought,
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portion, saw, ordinary, orderly, alternating, audio, source,
cause, fall

Pronunciation Drill 2

While reading these words pay attention to the stress markings.

@ o ® oo o @ o o @ o o
process carrier emitter sufficiently
method barrier electrode inadequate
metal energy enable available
unit quantity important  majority

TEXT 3

ELECTRON EMISSION

1. The electron tube depends for its action on a stream of
electrons that act as current carriers. To produce this stream
of electrons a special metal electrode (cathode) is present in
every tube. But at ordinary room temperatures the free elec-
trons in the cathode cannot leave its surface because of cer-
tain restraining forces that act as a barrier, These attractive
surface forces tend to keep the electrons within the cathode
substance, except for a small portion that happens to have
sufficient kinetic energy (energy of motion) to break through
the barrier. The majority of electrons move too slowly for
this to happen.

2. To escape from the surface of the material the electrons
must perform a certain amount of work to overcome the re-
straining surface forces. To do this work the electrons must
have sufficient energy imparted to them from some external
source of energy, since their own kinetic energy is inadequate.
There are four principal methods of obtaining electron emis-
sion from the surface of the material: thermionic emission,
photoelectric emission, field emission and secondary emis-
sion.

3. Thermionic emission. It is the most important and one
most commonly used in electron tubes. In this method the
metal is heated, resulting in increased thermal or kinetic
energy of the unbound electrons. Thus, a greater number of
electrons will attain sufficient speed and energy to escape
from the surface of the emitter. The number of electrons re-
leased per unit area of an emitting surface is related to the
absolute temperature of the cathode and a quantity of the
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work an electron must perform when - escaping from the
emitting surface. . .

4. The thermionic emission is obtained by heating the
cathode electrically. This may be produced in two ways:
1. by using the electrons emitted from the heating spiral for
the conduction of current (direct heating) or 2. by arranging
the heating spiral in a nickel cylinder coated with barium
oxide which emits the electrons (indirect heating). Normally,
the method of indirect heating is used. _

5. Photoelectric’ emission. In this process the energy of
the light radiation falling upon the metal surface is transferred
to the free electrons within the metal and speeds them up
sufficiently to enable them to leave the surface.

6. Field or cold-cathode emission. The application of a
strong electric field (i.e. a high positive voltage outside the
cathode surface) will literally pull the electrons out of the
material surfate, because of the attraction of the positive field.
The stronger the field, the greater the field emission from
the cold emitter surface.

7. Secondary emission. When high-speed electrons sud-
denly strike a metallic surface they give up their kinetic
energy to the electrons and atoms which they strike. Some
of the bombarding electrons collide directly with free elec-
trons on the metal surface and may knock them out from the
surface. The electrons freed in this way are known as second-
ary emission electrons, since the primary electrons from
some other source must be available to bombard the second-
ary electron-emitting surface.

2600
EXERCISES
l. Review gquestions:

1. What does the action of the electron tube depend on?
2. What is present in every tube te produce the stream of
electrons? ‘3. At what temperatures free electrons cannot
leave their surface of the cathode? 4. What forces tend to
keep the electrons within the cathode substance? 5. What
must the electrons do to escape? 6. What must the electrons
have to overcome the restraining surface forces? 7. How many
methods are there for obtaining electron emission? 8. What
are they? 9. What imparts the external energy to the elec-
trons in thermionic emission? 10. What energy is used for
producing free electrons in photoelectric emission? 11. What
is field emission? 12. How is secondary emission obtained?
13. What emission is the most commonly used in electronics?
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ii. Make up an abstract of the text basing on the answers to
the above questions.

I11. Translate the international words without a dictionary.

cathode, emitter, material, cylinder, portion, energy,
radiation, temperature thermal, adequate, absolute, special,
emission, electron, normally

IV. Define to what parts of speech these words belong and
translate them:
realize, equalize, electrify, classify, originate, strength-
en, widen, increasingly, widely, likewise, otherwise, for-
ward, towards, upward, outward, downward

V. Translate these antonyms and memorize them:
be present (v), be absent
primary (adj), secondary
relative (adj), absolute
outside (adj), inside
majority (n) minority
common (adj), special
external (adj), internal
slow (adj), quick, rapid
free (adj), bound

10. strong (adj), weak

DOPONG T -

VY. Translate these words and word combinations and learn
them: .
because of, since, except for, a number of, the same,
within, in this way, suddenly, sufficiently, literally

Test 1

-
-

Find the correct answer out of the three given to each guestion:

1. Which of the following devices depends for its action on a
stream of electrons in vacuum:
a gas tube, an electron tube, a transistor:
2. Which of the following forces keep the electrons within the
emitter substance:
internal forces, external forces, attractive surface forces
3. Which of the following kinds of emission depends on in-
creased thermal energy of eléctrons:
thermionic emission, secondary emission, field emission
4, Which of the following kinds of emission depends on a
strong field:
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thermionic emission, field emission, photoelectric emfs-
sion
5. Which of the methods of emission is the most important
and widely used:
field emission, thermionic emission, photoelectric emis-
sion
Test 2

Find Russian equivalents for the English words and word
combinations (see p. 147):

1. a number of (a) O6ykBanbHO

2. except for (b) ToT xKe cammiil

3. literally (¢) Tak Kak; c TexX Hop KakK; ¢

4. suddenly (d) us-za

5. within -~ ‘ (e) mocraroyno

6. in this way (f) BHesamno

7. since (8) 3a uCKIIOYEHHEM

8. the same ‘ (h) pan

9. because of (i) Takum o6pasom

10. suificiently (j) BHyTpPH; B; B mpenenax
Test 3

Find an antonym (a), (b), (c) or (d) to the word in bold type:

1. The primary question — (a) principal; (b) difficult;
(c) secondary; (d) new

2. A slow motion of electrons — (a) similar; (b) rapid;
(c) steady; (d) continuous
- 3. The internal forces — (a) attractive; (b) strong; (c)
restraining; (d) external

4. A small portion — (a) great; (b) similar; (c) external;
(d) common
- 5. A high speed — (a) decreased; (b) low; (c) adequate;
(d) sufficient

6. The strong attractive forces — (a) slight; (b) equal;
(c) unequal; (d) weak

7. Outside the tube — (a) near; (b) in front of; (¢) in-
side; (d) around

8. Cold water — (a) clean; (b) hot; (c) boiled;
(d) mineral

9. To heat the liquid — (a) boil; (b) change; (c) evapo-
rate; (d) cool

10. The majority of the electrons — (a) a great number
of; (b) weight; (c) minority; (d) amount
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11. Common measuring devices — (a) various; (b) neces-
sary; (c) special; (d) new

12. The flow is rapidly determined — (a) often; (b) com-
monly; (c) frequently; (d) slowly

13. Many particles — (a) light; (b) few; (c) Iree; (d) heavy

14. To be present in this tube — (a) be included; (h) be
inclosed; (c) be changed; (d) be absent

15. Free particles — (a) small; (b) bound; (c) loose; (d)
tiny
16. Absolute temperature — (a) high; (b) low; (c) relative;
(d) the same

17. More interested in — (a) usually; (b) always; (c) nev-
er; (d) less

18. Negative charges — (a) the same; (b) unlike; (c) dif-
ferent; (d) positive

19. Large particles — (a) a lot of; (b) various; (c) tiny;
(d) great

20. In a downward direction — (a) upward; (b) outward;
(c) straight; (d) right

Test 4

Finish each sentence choosing one of the three variants (a),
(b) or (c) based on the text from Section II:
1. The electron tube depends for its action on...
(a) restraining forces; (b) a stream of electrons; (c) a
magnetic field.
2. A special metal electrode is present in every tube to pro-
duce...
(a) a magnetic field; (b) a stream of positive charges;
(¢) a stream of electrons. ~
3. At ordinary room temperatures the “free” electrons in
the metallic cathode cannot leave its surface because of...
(a) attractive forces acting as a barrier; (b) forces of
the external magnetic field; (c) thermal energy of the
atoms.
4. A smal] portion of electrons has sufficient kinetic energy
to break through... o
(a) the surface of the tube; (b) the plate substance;
(c) the surface barrier. '
5. To escape from the surface of the cathode the electrons
must have...
(a) attractive internal force; (b) sufficient energy
from some external energy source; (c) low speed.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

o4

. The energy for electron emission comes from...

(a) internal sources; (b) external sources; (c) exter-
nal and internal sources.

. . There are...

(a) two principal methods of obtaining electron emis-
sion; (b) three principal methods of obtaining electron
emission; (c) four principal methods of obtaining electron
emission. .

The cathode metal is heated in... _

(a) photoelectric emission; (b) cold-cathode emis-
sion; (c) thermionic emission.

In thermionic emission the cathode is made of...

(a) metal; (b) semiconductor; (c) an insulator.

In thermionic emission the number of released electrons
depends on... ,

(a) resistance; (b) cooling; (c) temperature.

In photoelectric emission the energy of the light falls...

(a) upon the surface of the non-conducting material;
(b) into the glass envelope filled with the gas; (c) upon
the surface of the metal. :

In photoelectric emission the energy of the light radia-
tion is transferred to...

(a) free electrons; (b) bound particles; (c) positive
charges.

In photoelectric emission electrons to which the energy
of the light radiation is transferred are...

(a) on the surface of the metal; (b) in the space about
the cathode; (c) within the metal.

Field emission is...

(a) hot-cathode emission; (b) photoelectric emission;
(c) cold-cathode emission.

Electrons escape from the cathode surface because of...

(a) the attraction of the positive field; (b) the attrac-
tion of the negative field; (c) the cooling of the cathode’s
metal.

When high-speed electrons suddenly strike a metallic
surface they give up their kinetic energy to...

(a) electrons; (b) positive particles; (c) positive
charges. «

Some of the bombarding electrons collide directly with...

(a) positively charged particles; (b) uncharged par-
ticles; (c) free electrons.

From the surface the bombarding electrons may knock
out.., )



(a) uncharged particles; (b) free electrons; (c) positive
charges.
'19. The electrons freed by bombarding are known as...
(a) secondary emission electrons; (b) thermionic emis-
sion electrons; (c) photoelectric emission electrons.
90 The most important and the most commonly used meth-
od of emission is...
(a) secondary emission; (b) field emission; (c) thermi-
onic emission.

(See keys to the tests on p. 147.)

After reading the following text be ready to answer these ques-
tions:
1. How many methods are there for heating cathodes?
2. Where to is the electric current applied in the direct meth-
od? 3. Where to is the electric current applied in the indi-
rect method? 4. What materials are used for cathodes? 5.
What current can be used for heating them?

TEXT

1. Cathodes are heated electrically either directly or in-
directly. In the direct method, the electric current is applied
directly to a wire, called filament, that also serves as an elec-
tron emitter.

2. In the indirect method the electric current is applied
to a separate heater element, located inside a cylinder that
is coated with the emitting material. The cathode is thus
heated indirectly through heat transfer (rpancgopmarop Ha-
kasa) from the heater element. Alternating.er direct curren
can be used for both methods of. heating. '

3. The most commonly used materials for -cathodes are
tungsten (sombbpam), heated to temperatures between 2000°
and 2800° C, thoriated tungsten (TopupoBamHEI BoOJb(pam)
operated at about 1700° C and oxide-coated cathodes opera-
tedtat about 800° to 1000° C. Most tubes are indirectly
heated. -



SECTION THREE

Pronunciation Drill 1
Practise the sound [oul:

both, diode, envelope, low, most, close, below, only,
show, know, known, though, coat, control, whole, process,
hollow, flow, follow,” cathode, motion, cold, glow, photo-
tube

Pronunciation Drill 2

While reading these words pay attention to the stress mark-
ings: .- .

® o ® o o e @ o e @ o o
certain constitute external eventual
circuit actual electron phenomenon
follow difference determine evacuate
either envelope collector replenishing .
TEXT 4
DIODES

1. The simplest combination of elements constituting an
electron tube is the diode. It consists of a cathode, which
serves for emitting the electrons, and a plate or anode sur-
rounding the cathode, which acts as a collector of electrons.
Both electrodes are enclosed in a highly evacuated envelope
of glass or metal. If the cathode is indirectly heated, there
must be a heating spiral or a heater. The size of diode tubes
varies from tiny metal tubes to large-sized rectifiers. The
plate is generally a hollow metallic cylinder made of nickel,
molybdenum graphite, tantalum or iron.

2. A basic law of electricity states that like charges repel
each other and unlike charges attract each other. Electrons
emitted from the cathode of an electron tube are negative
electric charges. These charges may be either attracted to or
repelled from the plate of a diode tube, depending on wheth-
er the plate is positively or negatively charged.

3. Actually, by applying a potential difference (voltage)
from a battery or other source between the plate and cathode
of a diode, an electric field is established within the tube.
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The lines of force of this field always extend from the negative-
ly charged element to the positively charged element.
Electrons, being negative electric charges, follow the direc-
tion of the lines of force in an electric field.

4. By establishing an electric field of the correct polari-
ty between cathode and plate and “shaping” the lines of for-
ce of this field in certain paths,® the motion of the electrons
can be controlled as desired. A battery is connected between
plate and cathode of a diode, so as to make the plate positive
with respect to the cathode, the lines of force of the electric
field extending in a direction from the cathode to the plate.

5. Again, applying a heater voltage results in emission
of electrons from the cathode. The electrons follow the lines
of force to the positive plate and strike it at high speed.
Since moving charges comprise an electric current, the stream
of electrons to the plate is an electric current, called the
plate current.

6. Upon reaching the plate the electron current continues
to flow through the external circuit made up of the ‘connect-
ing wires and the battery. The arriving electrons are absorbed
info the positive terminal of the battery and an equal
number of electrons flow out from the negative battery ter-
minal and return to the cathode, thus replenishing the sup-
ply of electrons lost by emission.

7. As long as the cathode of the tube is maintained at
emitting temperatures and the plate remains positive, plate
current will continue to flow from the cathode to the plate
within the tube and from the plate back to the cathode
through the external circuit.

8. Now a battery connection has been reyersed so as to
make the plate negative with respect to the cathode. When
voltage is applied to the heater the cathode will emit a flow
of electrons. However, these electrons are strongly repelled
from the negatively charged plate and tend to fill the inter-
electrode space between cathode and plate. Since no electrons
actually reach the plate, the tube acts like an open circuit.

9. The total number of electrons emitted by the cathode
of a diode is always the same at a given operating tempera-
ture. The plate voltage (voltage between plate and cathode)
has no effect, therefore, on the amount of electrons emitted
from the cathode. Whether or not these electrons actually
reach the plate, however, is determined by the plate-to-cath-
ode voltage,? as well as by a phenomenon known as space
charge.
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10. The term space charge is applied to the cloud of elec-
trons that is formed in the interelectrode space between cath-
ode and plate. Since it is made up of electrons, this cloud
constitutes a negative charge in the interelectrode space that
has a repelling effect on the electrons being emitted from the
cathode. The effect of this negative space charge alone, there-
fore, is to force .a considerable portion of the emitted elec-
trons back into the cathode and prevent others from reaching
the plate. .

11. The space charge, however, does not act alone. It is
counteracted by the electric field from the positive plate,
which reaches through the space charge to attract electrons
and thus partially overcomes its effects. At Jow positive plate
voltages only electrons nearest’ to the plate are attracted
to it and constitute a small plate current. The space charge
then has a strong effect on limiting the number of electrons
reaching the plate. :

12. As the plate voltage is increased, a greater number
of electrons are attracted to the plate through the negative
space charge and correspondingly fewer are repelled back to
the cathode. If the plate voltage is made sufficiently high,
a point is reached eventually, where all the electrons emitted
from the cathode are attracted to the plate and the effect of
the space charge is completely overcome. Further increases
in the plate voltage cannot increase the plate current through
the tube, and the emission from the cathode limits the maxi-
mum current flow. ’

4000
Commentary

1. “shaping” the lines of force of this field in certain
paths — npunasas cunoBEIM TUHKAM onpeseneHHbe HarnpasJie-
HHUS

2. whether or not these electrons actually reach the plate,
however, is determined by the plate-to-cathode voltage —
OLHAKO IIONAaJaHHE WM HENONajaHHe 3JIEKTPOHOB Ha aHOl
ONpeje/IsieTCss aHOIHBLIM HaIPsiKeHHeM

EXERCISES

I. Review questions:

1. What elements does a diode consist of? 2. What metal
is the plate made of? 3. What does a basic law of electricily
state? 4. What charges are emitted from the cathode of an
electron tube? 5. When is an electric field established within
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“the tube? 6. For what purpose is a battery connected between
the plate and the cathode of a diode? 7. What is the plate
current? 8. When does the tube act like an open circuit?
9. What is space charge? 10. What is the effect (action) of
the space charge? '

II. Make up an abstract of the text basing on the answers
to the “above questions.

1. Translate the international words without a dictionary:
to vary, to control, to absorb, to indicate, to tend, to
limit, to discuss, to form

1V. Define what parts of speech these words are and translate
them:
direction, directive, directly, indirectly, director; par-
tial, partially, partly, party; operator, operating, operation,
operative, operatively; converter, convertible; dependable,
dependent, dependence, dependency

V. Translate these antonyms and memorize them:
remain (v), leave

correct (adj), wrong
simple (adj), complicated
continue (v), interrupt
lose (v), gain

attract (v), repel

stop (v), start

strongly (adv), weakly
externally (adv), internally
10. open (adj), closed

V1. Translate these words and word combinations and learn
them:
both, whether ... or, each other, with respect to, as long
as, generally, eventually, therefore, correspondingly, as
well as

LN O LN~

il
. Pronunciation Drill 1 ~

Practise the sound laul: .
. how, without, now, however, ground, power, outside,
output, around, about, found, encounter, amount, surround,
bound, profound
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Pronunciation Drill 2
While reading these words pay attention to the stress markings:

@ o o @ o Qo

total discuss specific

constant obtain effective

voltage between attraction
TEXT 5

DIODE CHARACTERISTICS

1. The relation between the plate current in a diode and
the plate-to-cathode voltage just discussed can be represent-
ed by a characteristic curve, obtained by plotting the plate-

- i current /, values for different
values of the applied plate
voltage E, .

2. The diode the characte-
ristic of which isto be determ-
ined is connected in circuit in
the manner shown in Fig. 1.
Heating voltage and heating
current are kept constant while
the tube characteristic is being
obtained. Plate current is

Fig. 1. Circuit arrangement for
determination of the character-

istics of a diode being increased by steps by
adjusting the variable resistcr
Lo, ma R, connected in the same way
High" gperdting as a potential divider. The
P tem'(ae/ﬁz‘m anode current and voltage

20 7T —- are indicated. o
/| Medium operating 3. The diode characteristics
_—TTemperaturd  for a typical diode tube and
s d various cathode operating tem-
k' Low aperm‘z//gl peratures are fshowr;: in P2‘1gth2t
10 It is seen from Fig. a
/ | femperature all the curves are the same at
5 ) low plate voltages, where the
negative space charge is most
effective in limiting the flow

of electrons. The plate current
von W wky in the low plate-voltage region

. . ) . i letely controlled by
Fig. 2. Diode characteristic plate IS comp
gcurrerlt-plate voltage curves the voltage at the plate and
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is independent of the cathode temperature. Under these
conditions the plate current is said to be space-charge lim-
ited.

4. As the plate voltage is made progressively higher, an
increasingly greater portion of the total supply of emitted
electrons are attracted to the plate and the effect of the space
charge is eventually completely overcome. This is seen
by the flattening of the charateristic curves, as the plate volt-
age is increased. When the entire supply of emitted electrons
at a given cathode temperature is attracted to the plate, the
plate current becomes independent of the plate voltage and
reaches a constant value equal to the total emission current.
Emission saturation takes place and the plate current is
said to be emission-limited in the high plate-voltage region.?
The foregoing has already made it clear that the principal
advantage of the diode tube is that it permits the flow of
current in one direction only, that is from the cathode to
the anode. For this reason diode tubes are often used as rec-
tifiers to change alternating current to direct current.

1700
Commentary

1. Emission saturation takes place and the plate current
is said to be emission-limited in the high plate-voltage region.
— JIpOMCXOINT 3MHCCHOHHOE HAaCHILEHHe M CYUTaeTcs, YTo
AHOAHBIH TOK JOCTHTaeT HACBLIIEHHSI B OOJAaCTH BBHICOKHX
HanpsAXeHuH

EXERCISES
1. Review questions:

1. What does a diode characteristic show? 2. What is
kept constant while the tube characteristic is being. obtained?
3. What controls the plate current in the low plate-volt-
_ age region? 4. What is independent of the cathode tempera-
ture? 5. Under what conditions is the plate current said to
be space-charge limited? 6. When does the emission satura-
tion take place? 7. Why are the diode tubes used as rectifiers?
8. What current do they rectify?

II. Make up an abstract of the text basing on the answers
to the above questions.

I11. Translate the international words without a dictionary:
anode, diode, effect, characteristic, constant, total
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IV. Define the meanings of the prefixes in the following
words and translate the words:
abnormal, misdirection, unheated, interchange, overload,
irregular, reconvert, dissimilar, non-effective, impossible,
illegal, independence, co-operate, subdivide, semicircle, su-
pernatural, self-determination, post-war, pre-war, underlie,
foregoing, neo-realism

V. Translate these antonyms and memorize them:
best -(adj), worst

constant (adj), variable
never (adv), always
increase (v), decrease
obtain (v), lose

take (v), give

different (adj), similar
normally (adv), abnormally
partial (adj), total

10. many (adj), few

WONG RN =

V1. Translate these verbs and learn them:

fo take place, to become, to determine, to depend on
(upon), to reach, to represent, to overcome, to establish, to
follow, to fill

Test 1

Find the correct answer out of the three given to each question:
1. Which of the following tubes consists of a cathode and a
plate: :
a triode tube, a diode tube, a tetrode tube
2. Which of the following charges repel each other:
like charges, unlike charges, positive and negative charges
3. Which of the following charges are emitted from the
cathode of an electron tube:
unlike charges, positive charges, negative charges
4. Which of the following charges in respect to the cathode
must have an anode fo transmit the direct current:
positive  charges, negative charges, neutral charges
5. Which of the following is established within the tube by
applying a potential difference:
an electric field, ionization, de-ionization

Test 2

1. Find Russian equivalents for the English words and word
combinations (see p. 147):
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1. as well as (a) unum ... unu
2. both (b) oTHOCHTENBHO, B OTHOLIEHHH
3. whether ... or (c) B KOHIle KOHIIOB
4. with respect to (d) oba
5. therefore (e) apyr npyra
6. as long as (f) BooGuie, o6buHO
7. eventually (g) cooTBeTCTBEHHO
8. each other (h) a Takxke u
9. correspondigly (i) moaTomy
10. generally (j) moka
IL. Find Russian equivalents for the English verbs (see p. 32):
1. reach (a) mpoucxonuTh
2. follow (b) cranoBHTBCS
3. take place (c) ycranasnuparh
4. become (d) mocrurars
5. fill (e) cnenoBarb
6. establish (f) npeononenats
7. overcome (g) mpencraBATh, H306pakaTh
8. depend on (upon) (h) onpenensite
9. represent (i) manomHsiTE(Cs1)
10. determine _ (i) saBucers or
Test 3

Find an antonym (a), (b), (c) or (d) to the word in bold

type:

1. To attract electrons — (a) produce; (b) conduct; (c)
repel; (d) lose -

2. To stop the plate current — (a) measure; (b) transfer;
(c) convert; (d) start ‘ ‘

3. Closed circuits — (a) open; (b) internal; “(c) external;
(d) different

4. A constant value — (a) high; (b) variable; (c) low;
(d) abnormal

5. A simple structure — (a) heavy; (b) light; (c) compli-
cated; (d) modern

6. To increase the stream of electrons — (a) obtain;
(b) decrease; (c) change; (d) stop o

7. The best method — (a) unknown: (b) main; (c) worst;
(d) principal )

8. The electrons are strongly repelled — (a) weakly;
(b) never; (c) always; (d) quickly

9. To be connected externally — (a) indirectly; (b) di-
rectly; (c) strongly; (d) internally
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10. This value never decreases — (a) sometimes; (b) nor-
mally; (c) always; (d) often

11. Similar problems — (a) well-known; (b) different;
(c) important; (d) quite understandable

12. To lose strength — (a) depend on; (b) limit; (c) gain;
(d) determine

13. A correct answer — (a) wrong; (b) good; (c) bad;
(d) clever 4

14. The process is continued — (a) started; (b) changed;
(¢) interrupted; (d) finished

15. The same conductors — (a) different; (b) bad;
(c) good; (d) similar

16. When it remains — (a) starts; (b) gives; (c) leaves;
(d) works . .

17. To give an idea — (a) discuss; (b) simplify; (c) take;
(d) understapd

18. The total supply of electrons — (a) steady; (b) par-
tial; (c) constant; (d) continuous

19. It can be obtained — (a) made; (b) measured;
(c) controlled; (d) lost

20. It is normal that — (a) said; (b) known; (c) abnormal;
d) found

Test 4

Finish each sentence choosing one of the three variants (a).
(b) or (c) based on the texts from Section III:
1. The diode is...
(a) the simplest combination of elements constituting
(an electron tube; (b) the most complicated combination
of elements constituting an electron tube; (c) a tube with
three electrodes.
2. A diode consists of ...
(a) an anode alone; (b) a cathode alone; (c) a cathode
and a plate.
3. The cathode serves as...
(a) a collector of electrons; (b) a source of electromns;
(c) a source of positive particles.
4. The anode serves as...
(a) a source of electrons; (b) a collector of electrons;
(c) a source of uncharged particles.
5. A basic law of electricity states that...
(a) like charges repel each other; (b) like charges at-
tract each other; (c) unlike charges repel each other.
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6. Electrons emitted from the cathode of an electron tube
are...

(a) positive electric charges; (b) positively charged
particles; (c) negative electric charges.

7. An electric field is established by applying to the electro-
des..

(a) heating energy; (b) a potential difference;

(c) light energy.
8. Electron current flows in the diode only when...

(a) the plate is made negative; (b) the plate is made
positive; (c) the plate has no charges.

9. Electron current flows in the diode only when...

(a) the cathode is made positive; (b) the cathode has
no charges; (c) the cathode is made negative.

10. At a given operating temperature the total number of
electrons emitted by the cathode of a diode is always...

(a) different; (b) the same; (c) increasing.

11. The cloud of electrons formed in the space between the
cathode and the plate is called..

(a) a space charge; (b) an interelectrode space; (c) a
positive external charge.

12. The space charge is...
(a) negative; (b) positive; (c) neutral.
13. The space charge has

(a) an attracting effect on electrons; (b) no effect at
all; (c) a repelling effect on electrons.

14. lThe flow of electrons to plate is an electric current cal-
ed

(a) an alternating current; (b) an internal current; (c)
a plate current.

156. The amount of plate current depends on.-

(a) the interelectrode space; (b) the space charge;
(c) the negative plate voltage.

16. The plate current is space-charge limited when

(a) at low plate voltage the negative space charge lim-
its the flow of electrons; (b) the plate current reaches
saturation at high plate voltage; (c) the negative space
charge has an attracting effect on electrons.

17. The plate current is said to be emission-limited in the
high plate-voltage region when..

(a) the plate current has vanable value (b) the emit-
ted electrons are repelled from the plate; (c) the emission
saturation takes place. -

18. In general, electron tubes are operated in...
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(a) the high plate-voltage region; (b) the space-charge
limited region; (c) the saturation region.
19. The principal advantage of the diode tube is that it per-
mits the flow of current in...
(a) one direction only; (b) two directions; (c) no direc-
tion.
20. The diode tubes are often used as...
(a) stabilizers; (b) amplifiers; (c) rectifiers.

(See keys to the tests on p. 147.)

Translate into Russian without a dictionary:

TEXT

-

1. A diode is a two-element electron tube that consists
of a cathode and an anode or plate acting as an electron col-
lector. By applying a positive voltage to the plate of a diode,
an electric field is established between cathode and plate
that attracts electrons emitted from the cathode to the plate.

2. Plate current is the flow of electrons from cathode to
the plate and their return to the cathode through the external
circuit. Plate current flows in a diode when the plate is made
positive with respect to the cathode. No current flows when
the plate is negative with respect to the cathode. This is
called unidirectional conduction.

3. The cloud of electrons formed in the space between ca-
thode and the plate is called space charge. The space charge
is negative and hence has a repelling effect on electrons emit-
ted from the cathode. The amount of the plate current de-
pends on the space charge and the relative strength of the
electric field set up (cosnaBaemoro) by the positive plate
voltage.

4. At low plate voltages the negative space charge limits
the flow of electrons and the plate current is completely con-
trolled by the plate voltage and is independent of cathode
temperature. The plate current is space-charge limited. At
high plate voltages the space charge is drawn off (ucuesaer)
and-the plate current reaches saturation at a value equal to
the total emission current. It is then independent of the
plate voltage and is said to be emission-limited for a specific
cathode temperature. As the diode tube permits the flow of
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current in one direction only it is often used as a rectifier to
change alternating current to direct current.

1400

SECTION FOUR

Pronunciation Drill 1
Practise the sound [ju:l:

tube, value, use, knew, produce, utilize, few, unit, neu-
tralise, suitable, accumulate, usual, view, new

Practise the sound ljul:

eventually, vacuum, simulate, actually, manufacture,
virtually

Pronunciation Drill 2

While reading these words pay attention to the stress markings:

e O @ e @ o Q@ o o
desire tiny alternate (adj)  alternate (v)
profound - bias condition . replica
insert iron component terminate
supply proper correctly - amplify

TEXT 6
TRIODES )

1. A third element — the control grid was added between
the cathode and plate of a diode and so it provided the re-
sulting triode tube with the ability to amplify tiny signals.
The control grid in this tube is a circular spiral of a number
of turns of fine wire that completely surround the cathode.
Because of its open construction the grid does not directly
hinder the flow of electrons to the plate, but when a voltage
is placed on the grid it has a profound effect on the electric
field between cathode and plate and, hence, on the total elec-
tron flow.

9. Since the control grid is nearer to the cathode than the
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plate, a potential placed on the grid has a much larger effect
on the electric field within the tube — and hence upon the
plate current — than the same potential placed on the plate.
The grid thus has a controlling effect on the flow of plate
current in the tube.

3. A triode requires three operating voltages, one on each
electrode, to operate correctly. The plate of the tube is nor-
mally connected to a high positive voltage E; to attract the
stream of electrons. A relatively low FE,, voltage ac or dc
is connected to the filament or “heater to bring the cathode
to its proper emitting temperature and thus make available
a supply of - electrons.

4. Finally, a voltage is placed on the control grid to gov-
ern the flow of plate current. This voltage generally consists
of two components. One is a fixed dc voltage, called the bias
Eg which is normally a few volts negative with respect to
the cathode. Hs purpose is to operate (or bias) the tube on
a definite point on its characteristic curve so that a certain
amount of plate current is always flowing.

5. Superimposed upon the bias voltage is a varying or
alternating voltage, usually called the signal voltage. The
purpose of this voltage is to vary the flow of plate current
through the tube in strict accordance with the signal varia-
tions, so as to make the plate current an amplified replica
of the signal voltage. Amplification takes place, since a small
variation of the signal voltage on the grid results in a large
variation of the plate current through the tube. This prop-
erty is used in making up amplifier’s and oscillator’s cir-
cuits.

1900
EXERCISES
. Review questions:

1. What elements does a triode consist of? 2. What struc-
ture has the control grid? 3. What effect has the grid in the
tube? 4. What voltages are required to apply to the triode
to operate correctly? 5. Why is the voltage placed on the
grid? 6. What components does the voltage placed on the
grid consist of? 7. What is the purpose of the bias voltage?
8. When does amplification take place?

Il. Make up an abstract of the text basing on the answers to
the above questions.

1. Translate the international words without a dictionary:
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construction, structure, sum, element, component, varia-
tion, spiral, potential, circular

*IV. Which of the following words are nouns??

A B C D

1. employee constructive resistor correctly

2. general variation electrify requilement
3. appliance  employer illustrate difficult

4. voltage various width capable

5. physician ability completely weakness
6. scientist actual freedom organize

7. difference  relative obtained hardship

V. Translate these synonyms and memorize them:
. place (v), put

. control (v) govern, regulate

. connect (v), join, couple

operate (v), work

ability (n), ableness, capablhty

amount (n), quantlty

usually (adv), generally, commonly, ordinarily
completely (adv), entirely

proper (adj), suitable

10. with respect to (adv), with regard to

LCRNPOA LN =

V1. Translate these verbs and learn them:
to require, to consist of, to vary, to result in, to provide,
to amplify, to add, to operate, to call, to govem

Pronunciation Drill 1

Practise the sound le1l:

nature, great, available, say, same, arrange, change, ray,
capable, gain, remain, contain, make, may, eight, made,
break, evacuate, maintain, create raise, straight
Practise the sound [o:]:

certain, external, surface, thermal, fur_ther, circuit, de-
termine, retum, burn, purpose, curve, occur, turn, first,
inverse, reverse

1 Cum. Tlpenuciosue, crp, 6.
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Pronunciation Drill 2

While reading these words pay attention to the stress markings:

® o e © @ o o @0 o0

purpose consist neutralize similarly

reason exist moderate consequently

value reduce capable accumulate

zero instead circular positively
TEXT 7

MODE OF OPERATION OF TRIODES

1. Now -a voltage has been applied to the heater and the
cathode is emitting a normal supply of electrons. The plate
is at a high positive potential and would normally attract
a large number of electrons from the space charge, if it were
not for the large negative bias voltage applied to the grid
from the Eg battery.?

2. Because of this large negative potential, the electrosta-
tic field normally existing between plate and cathode cannot
penetrate to the cathode and actually terminates on the grid
wires. Under these conditions the grid entirely neutralizes
the electrostatic field and, hence, the attraction of the plate.
Since there is no electrostatic field near the cathode to draw
 away the electrons, the plate current through the tube is

zero and a large space charge accumulates in the region be-
tween cathode and grid. The smallest negative voltage be-
tween grid and cathode that is just ¢apable of cutting off the
plate current is called the cut-off bias.?

3. Consider now that everything has been left unchanged,
except that the negative bias voltage has been reduced to a
value less than cut-off. The grid is now no longer capable of
neutralizing the field between plate and cathode completely
and some of the lines of force penetrate between the grid wires
to the cathode. Consequently, some electrons are attract-
ed away from the space charge and move between the grid
wires towards the positive plate.

4. This results in a moderate flow of plate current. As
the negative grid voltage is further reduced, that is, made
less negative, progressively more electrons are able to pass
between the grid wires to the plate and the plate current con-
tinues to increase. '
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5. When the bias voltage is removed and the grid voltage

is zero, the positive voltage on the plate produces a substan-
tial electric field at the cathode and large numbers of elec-
trons are attracted through the grid wires to the plate, re-
sulting in a fairly large plate current. The action is similar
to that of a diode, except that the grid still has some retard-
ing effect on the electrons because of its shielding action,
and hence the plate current is somewhat less than it would
be with the grid removed entirely. }
6. When the bias voltage has been reversed in polarity,
the grid is being made positive with respect to the cathode.
The grid potential now aids' the plate voltage and produces
a very strong electrostatic field at the cathode, resulting in
a large plate-current flow through the tube. If the grid is
made sufficiently positive with respect to the cathode, a point
will be reached when the electrons are attracted to the plate
as fast as they can be emitted from the cathode. No space
charge can accumulate under these conditions and the plate
current reaches its saturation value. Still further increases
in either the grid or the plate voltage cannot cause an increase
in the plate current.

7. A part of the electrons is attracted to the positive grid
and causes a grid current to flow between grid and cathode.
Under these conditions power is dissipated in the grid circuit.
To avoid this power consumption and also the large satura-
tion plate current, which eventually can damage the tube,
electron tubes are generally operated at negative grid poten-
tials with respect to the cathode.

T 2800

~*

Commentary

1. if it were not for the large negative bias voltage applied
to the grid from the Eg battery — ecnin 6m1 He Gosbuioe
OTpHLATENbHOE HANpsKEHHE CMelleHHs Ha ceTKe OT Garaped

9. is called the cut-off bias — Ha3biBaeTcs 3anuparoOUM
HanpsiKeHHEM :

EXERCISES

1. Review questions: :

1. Why is the plate current zero through the tube?
2. What is the cut-off bias? 3. When does the plate current
continue to increase? 4. When does a large plate-current flow
through the tube take place? 5. When does the plate current
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reach its saturation value? 6. Under what conditions is power
dissipated in the grid circuit? 7. Why are generally electron
tubes operated at negative grid potentials with respect to
the cathode?

Il. Make up an abstract of the text basing on the answers to
the above questions.

1. Translate the international words without a dictionary:

to produce, to neutralize, to accumulate, to reverse, to
summarize, to illustrate, to stop, to operate, to select, to
bombard, to convert, to class, to utilize /

IV. Define what parts of speech these words are and trans-
late them:
regulator,” regulation; normal, abnormal, normally; ac-
cumulator, accumulation; mover, movement, remove, re-
moval, movable, immovable; consequence, consequent, con-
-sequently; misuse; predetermine

V. Translate these synonyms and memorize them:
zero (n), naught, cipher, 0

damage (v), break, destroy

aid (v), help

present (v), represent

can (v), be able

make (v), produce, manufacture, do, fabricate
remove (v), draw away, take away

near (adv), close to

call (v), name, term

10. cause (v), give rise to

PPN N —

VI. Translate these words and word combinations and memo-

rize them:
under ... conditions, further, consequently, that is, thus,
somewhat, either ... or, similar, no longer, actually

I

Pronunciation Drill 1

Practise the sound [al:

other, somewhat, thus, structure, but, number, fundamen-
tal, sum, result, some, come, become, double, conductor,
impulse, couple, another, above, cover, function, govern,
industrial
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Read these words with the sound [kl
characteristic, sketch, successful, screen, technique, ac-

company, scheme, accelerate, mechanically, acceptor, cir-
cuit, curve

Pronunciation Drill 2

While reading these words pay attention to the stress markings:

@ o e O e @ o @ o o

signal require convenience  summarize

model apply dimension definite

axis across proportion voltmeter
TEXT 8

TRIODE CHARACTERISTIC CURVES

1. The relationships between the plate voltage, grid vol-
tage and plate current in a triode, which we have explored in
the last two texts, can be as in the case of the diode conve-
niently summarized in the triode’s characteristic performance
curves.! Actually, a three-dimensional surface model? is
required to represent the relation between all three quanti-
ties at the same time, but for convenience two-dimensional
cuts through this surface® will give the relation between any
two quantities, while the third is held constant.

2. Thus, we can plot a curve that shows the values of the
plate current /, as a function of varying plate voltages Eq,
when the grid voltage E, is held at some fixed value. This
is known as the plate current—plate voltage (/4 — Eg) char-
acteristic.4 ]

3. Or we can show graphically the effect on the plate cur-
rent caused by varying the grid voltage i.e. the bias, while
holding the plate voltage at a constant value. This is called
the plate current-grid voltage (I, — Eg) characteristic of
the triode.®

4. We can, of course, obtain a whole set of either of these
characteristics by assuming different values for the constant
quantity either plate or grid voltage and plotting a curve
between the remaining quantities (/o — Ea, o [o— Ejg)
for each of these conditions. Such a set of characteristic
curves is known to be a family of static triode characteristics.
The term static denotes that the characteristics are obtained
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when various steady voltages are applied to the tube’s elec-

trodes.
5. A circuit for obtaining

lfaa
__—!M'H

Fig. 3. Circuit for determining
triode characteristics
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Fig. 4. Plate current-grid volta-
ges static characteristics of 6J5

the static characteristics of a
triode is illustrated in Fig. 3.
Variable voltage dividers or
potentiometers are connected
across the plate voltage and
grid voltage supplies denoted
by Eas and Egg, respectively,
to permit ascertaining the effect
of varying either voltage on
the tube’s plate current, while
the remaining voltage is held
constant. The potentials at the
electrodes and the plate and
grid currents resulting are then
measured by suitable voltme-
ters and amperemeters, inserted
into thegrid and plate circuits.

6. A grid family of charac-
teristic curves for a type 6J5
triode is shown in Fig. 4. In
these curves the plate current
Iq has been plotted as a func-
tion of the grid voltage E, for
various constant values of the
plate voltage E,. Note that
each curve intersects the grid-
voltage axis at a specific point
that indicates the value of the
negative grid voltage required
to stop the plate current at
the fixed value of the applied
plate potential. This is the cut-
off bias. As the plate voltage is
increased, it may be seen that
the negative bias required to
cut off the plate current also
increases.

7. It is also evident that each of the graphs in Fig. 4 is
quite curved in the lower portion, near cut-off, while it is
almost a straight line in the central and upper portions.
Triodes are almost always operated in the straight-line, li-
near portions of their characteristics and rarely in the
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curved or non-linear portion.® This is so, because incteases in
thegrid or signal voltage do not result in proportional increas-
es of the plate current in the non-linear portion of the charac-
teristic. But in the linear portion of the characteristic, equal
changes in grid voltage cause equal changes in the plate current.
8. We can use

the circuit of Fig. 3 1, ma

to determine the My
family of static g /
plate current-plate /[ A
voltage characteris- /

tics for the 6J5 20 //// (‘/

24 /

A

X
o7

triode. The results 5 O %

are shown in Fig. 5. / Q‘\% // /‘a )
Here again, jthe 12 / /® / '\/ %
curves haveasimilar & 7 % 7 /03
shape, being curved // / / / / yak
in the lower por- /'/(/

tion near plate-cur- =25 20 00 60 200 240 280 320 360 400 Ea Y
rent cut-off and v

fairly linear in the Fig. 5. Plate current-plate voltage static
upper portions. characteristics of 6J5 triode

Each curve shows

the effect upon the plate current when the plate voltage is
varied over a certain range, while holding the grid voltage
fixed at a definite value. A new curve results each time
when the grid voltage is changed to another fixed value, and
when this is done over a representative range of constant
grid voltages, the entire family of curves is obtained.

9. The effect of positive grid voltages on the I, — Eq
curves may be seen clearly. Even for low padSitive values of
the grid voltage the plate current is seen to increase very
rapidly with small increases in plate voltage. In addition
the grid circuit of the tube draws a grid current /4 for posi-
tive grid voltages. This grid current evidently decreases as
the plate voltage is made large relative to the grid voltage,
and the electrons are rapidly attracted to the plate.

4000

Commentary

1. in the triode’s characteristic performance curves — B
ceMelCTBE TPHOIHBIX XapaKTEPHUCTHK
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2. a three-dimensional surface model — ‘TpexMepHast Mo-
IeNb

3. two-dimensional cuts through this surface — npyx-
MEepHOE CeYeHHe 3TOH NOBEPXHOCTH

4. the plate current-plate voltage (Ia — Eg) character-
istic — BombraMneprast xapakTepucruka

5. the plate current-grid voltage (Ia — Eg) character-
istic of the triode — anogmo-ceroynas XapaKTepUCTHKA TpPH-
ona :

6. in the straight-line, linear portions of their characte-
ristics and rarely in the curved or non-linear portion — na
NPAMONMHEAHBIX HJIH JHHEHHRIX YYacTKaX CBOMX Xapakrepuc-
THK H DEAKO Ha M3OTHYTHIX WJIH HEJIHHEHHBIX y4acTKax

EXERCISES

I. Review questions:

1. What cin be summarized in the triode’s characteris-
tic performance curves? 2. When are static triode characte-
ristics obtained? 3. What does the plate current-plate vol-
tage characteristic show? 4. What section of plate current-
plate voltage characteristic is linear? 5. Why are variable
voltage dividers connected across the plate voltage and grid
voltage supplies? 6. What is measured by voltmeters and
amperemeters while determining a family of plate current-
grid voltage characteristics? 7. How are triodes almost al-
ways operated? 8. What for can the circuit in Fig. 3 be used?
9. What influence has the increase of the grid voltage on the
plate current? 10. When does grid current decrease?

Il. Make up an abstract of the text basing on the answers -
to the above questions.

II1. Translate these international words without a dictionary:
term, function, static, linear, proportional, graphically

*1V. Which of the followi'ng words are adjectives?

PN 0N

A B C D
equation equal equally equalize
useful user uselessness usage
valued valuation valuable valueless
variety various variously variation
operate operator operative operation
electric electrify electrician electricity
dependable dependence  dependency  dependent
import importance important importer

S
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V. Translate these synonyms and memorize them:

1. denote (v), mean, indicate, express, show, mark
2. explore (v), research

3. keep (v), retain, hold, preserve

4. actually (adv), really

5. various (adj), different

6. intersect (v), cut, cross

7..ascertain (v), determine, define

8. shape (n), form

9. in addition (to) (prep), besides

10. rarely (adv), seldom, infrequently

V1. Translate these words and word combinations and learn

them:
respectively, either, in addition (to), evidently, along

with, rarely, even, while, slightly, fairly

Test 1

Find the correct answer out of the three given to each question:

1.
2.

Which of the following tubes consists of three elements:
a diode tube, a triode tube, a pentode tube
Which of the following elements was added to form a
triode:
a filament, a control grid, a plate
Which of the following elements has a controlling effect
on the flow of plate current:
a cathode, a plate, a grid
. Which of the following elements is connected with a high
positive voltage:
a plate, a cathode, a grid o
. Which of the following elements is connected with a low
negative voltage:
a grid, a cathode, a plate :
_ Which of the following voltages is an alternating vol-
tage:
a bias voltage, a signal voltage, a plate battery voltage

Test 2 ,
1. Find Russian equivalents for the English - verbs (see p. 148):
1. consist of (a) TpeboBathb
2. vary (b) cocrosite W3
3. govern (c) ycuauBaTh
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4. amplify - (d) npusonute ¥
5. add (e) pa6orarb

6. provide (f) HaswBaTh

7. operate (g) obecneuuBars
8. call (h) mpu6apasarts.
9. require (i) ynpaBnsTh
10. result in (i) u3mensTBCA

oy
o

- Find Russian equivalents for the English words and
word combinations (see p. 128):

1. under ... conditions (a) nedicTBHTENBHO

2. no longer (b) crenoBaresbuo

3. similar (c) Goabine He

4. that is (d) B ycnoBusax

5. thus (e} mono6HkIi

6. further - ‘ (f) no meroropoit cremenn
7. somewhat (8) miu ... unu

8. either ... o (h) nanbure, sarem

9. consequently - (i) To ecTh

10. actually (j) TakmM o6pasom

1. Find Russian equivalents for the English words and
word combinations (see p. 148):

1. in addition (to) (a) coorBercTBeHHO
2. even (b) cueBHzHO
3. respectively (¢) mapsny c
4. along with (d) xaxnwi, moGoi
5. rarely (e) maxe
6. while (f) momumo (xpome)
7. fairly (g) B T0 Bpemsa kak
8. either (h) nesnaumrembuo
9. slightly (i) penko
10. evidently (J) moBosbHO, coBepiiennc
IV. Match these Synonyms (see pp. 148):
1. with respect to (a) zero
2. control (v) (b) retain
3. connect (¢) indicate
4. naught (d) usually
5. keep (e) govern
6. denote (f) name
7. generally (g) entirely
8. call (v) (h) give rise to
9. cause (v) (i) with regard to
10. completely (j) join
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Test 3

Find a synonym (a), (b), (c) or (d) to the word or word com-

bination in bold type:

1. The voltage placed on the grid — (a) measured;
(b) changed; (c) increased; (d) put v

2. The great quantity — (a) space; (b) area; (c) amount;
(d) part
. 3. To aid the plate voltage — (a) change; (b) help;

(c) vary; (d) cause

4. The different voltage — (a) various; (b) suitable;
(c) similar; (d) same

5. A suitable instrument — (a) new; (b) rare; (c) pro-
per; (d) given

6. In addition to this fact — (a) therefore; (b) besides;
{c) instead of; (d) in spite of

7. To differ rarely from — (a) completely; (b) entirely;
(c) slightly; (d) seldom

8. To explore a problem — (a) know; (b) discuss; (c) speak
about; (d) research

9. To obtain positive charges — (a) produce; (b) attract;
(c) acquire; (d) keep

10. To give rise to electrization — (a) use; (b) cause;
(c) increase; (d) decrease

11. The electrons can pass through — (a) must; (b) should;
(c) are able to; (d) will

12. To present a picture — (a) draw; (b) see; (c) discuss;
(d) represent

13. The form of the tube — (a) size; (b) shape; (c) qual-
ity; (d) kind

14. To damage a device — (a) repair; (b)~manufacture;
(c) construct; (d) break

15. To remove the grid — (a) add; (b) make; (c) draw
away; (d) place

16. To manufacture the electron tubes — (a) construct;
(b) repair; (c) use; (d) produce

17. To control the flow of current — (a) regulate;
(b) vary; (c) stop; (d) produce

18. To ascertain the voltage — (a) ampley, (b) deter-
mine; (c) change; (d) measure

19. To be closer to the grid — (a) nearer; (b) far from;
(¢) within; (d) away from

20. To cut the lines of force — (a) fix; (b) intersect;
(c) represent; (d) change
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Test 4

Finish each sentence choosing one of the three variants (a),

1.
2.

10.

11.

50

(b) or (c) based on the texts from Section IV:
A triode has...

(a) one element; (b) two elements; (c) three elements.
A triode consists of...

(a) the control grid and the plate; (b) the cathode
alone; (c) the cathode, the plate and the control grid.

. The control grid is...

(a) between the cathode and the plate; (b) behind
the plate of the diode; (c) behind the cathode of the
diode.

. A vacuum triode is...

(a) a more simple device than a vacuum diode; (b) a
more complicated device than a vacuum diode; (c) si-
milar to & vacuum diode.

When a voltage is placed on the grid it has a profound
effect on...

(a) the electric field between cathode and plate;
(b) the form of the plate current; (c) the form of the
plate voltage.

. The plate of the tube is normally connected to...

(a) a low positive voltage; (b) a high positive vol-
tage; (c) a negative voltage.

. The heater is connected to...

(a) a relatively low voltage; (b) the highest voltage;
(c) the source’ of the plate voltage.

The plate of the tube is connected to a high positive
voltage...

(a) to repel the stream of electrons; (b) to attract
the stream of electrons; (c) to cut off the stream of elec-
trons.

A relatively low voltage ac or dc is connected to the
heater...

(a) to produce a supply of electrons; (b) to create a
supply of positive charges; (c) to govern the flow of
plate current.

A voltage is placed on the control grid...

(a) to create a supply of electrons; (b) to heat a ca-
thode; (c) to govern the flow of plate current.

One of the components is a fixed dc voltage, called...

(a) the signal voltage; (b) the bias; (c) the transient
voltage.



12.

13.

14.

15.

16.
17.

18.

19.

20.

The purpose of the bias voltage is...

(a) to vary the flow of plate current; (b) to govern
the electric field; (c) to bias the grid of the tube.
Sullferimposed upon the bias voltage is a voltage usually
called...

(a) the signal voltage; (b) the bias; (c) a fixed dc
voltage.

A small variation of the signal voltage on the grid...

(a) results in a large variation of the plate current
through the tube; (b) has no influence at all on the plate
current; (c) results in a small variation of the plate cur-
rent through the tube.

The smallest negative voltage between the grid and the
cathode capable of cutting off the plate current is called...

(a) the plate voltage; (b) the cut-off bias; (c) the
zero grid bias.

The plate current is measured by... :

(a) awattmeter; (b) a voltmeter; (c) a milliamperemeter.
A tiny change in the grid voltage can cause...

(a) no change in the plate current; (b) the rectify-
ing of the electric current; (c) a large change in the plate
current.

The signal voltage appearing at the grid...

(a) is not changed; (b) is amplified in the plate circuit
of the tube; (c) is rectified in the plate circuit of the tube.
The function relations between plate voltage, grid vol-
tage, and plate current are called...

(a) a family of triode characteristic curves; (b) the
diode characteristic curves; (c) the single characteristic
curve. -

Static characteristics are obtained... 7

(a) under actual operating conditions; (b) when
steady dc voltages are applied to the tube’s”electrodes;
(c) when varying voltages are applied to the tube’s
electrodes. *

(See keys to the tests on p. 148.)

Translate into Russian using a dictionary.

* TRIODE CONSTANTS

1. The families of triode characteristics, which show the

characteristic performance of each type of tube are not a
result of accident. Rather they represent the outcome of

L 51



purposeful design to make each tube behave in a certain
manner. The design factors of the tube are summarized by
a series of numbers, called the tube constants. The three
most important constants are the amplification factor, the
ac plate resistance and the transconductance.

2. The amplification factor of a triode is a measure of
the relative effectiveness of the control grid in overcoming
the electrostatic field produced by the plate. To determine
the amplification factor it is necessary to change the plate
voltage by a certain amount, record the change in plate cur-
rent, and then change the grid voltage by an amount just
sufficient to restore the previous plate-current value. By com-
paring the plate-voltage change to the grid-voitage change
for the same change in plate current we can determine their
relative effectiveness, which is the amplification factor.

3. We can_ define the amplification factor by the follow-
ing symbols:

amplification factor u=~—§~g—“ (with I, constant),

where AE; —a small change in pélzate voltage
and AE;—a small change in grid voltage.

4. The plate resistance describes the internal resistance
of the tube to the flow of alternating plate current, when
varying voltage is applied to the electrodes. The ac plate
resistance is defined as the ratio of a small change in plate
voltage to the change in plate current produced thereby,
when the grid voltage is kept at a constant value.

5. Expressing this definition in equation forms we assume:

the ac plate resistance,
. AEa
Rl = A_Ia ’

where Al, — a small change in plate current.

6. A third constant used in describing the properties of
electron tubes is the control grid-to-plate transconductance
designated by the symbol S. The transconductance is the
most important of the tube constants, since it reveals the
effectiveness of the control grid in securing changes in the
plate current. '

7. It is defined as the ratio of a small change in plate
current to the small change in control-grid voltage producing
it. Expressing this in equation form we assume:

transconductance, S = AAT,: (with E, constant).
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8. All the three constants p, R;, S may be derived from
the anode or anode-grid tube characteristics. If two of them
are known the third one can be easily found, for the
following equation will always be true:

p=R;-S.
The tube constants mentioned above are widely used
in designing and analyzing electronic tube circuits.

(See the Russian translation of this text on pp. 150-151)

SECTION FIVE

Pronunciation Drill 1

Practise s, z, 1z] sounds at the end of the words:

1. [s] exists, emits, accelerates, deflects, makes, limits
parts, groups, plates, volts, types
2. [z] gives, means, speeds, is, has, does, provides, removes,
performs, extends, falls
tubes, screens, ones, anodes, walls, fields, potentials
3. [1z] uses, discusses, produces, diverges, focuses, ceases
- surfaces, inches, images, places

" Pronunciation Drill 2

While reading these words pay attention to the stress markings:

@ o @ o o Lo @ .-

focus cylinder impinge

final accurate increase (v)

increase (n)  several deflect

hundred multiple effect
TEXT 9

CATHODE-RAY TUBE

1. Now let us turn to cathode-ray tubes (abbreviated
CRT) that provide a visual representation of voltage and
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current waveforms. Cathode-ray tubes consist of three basic
components: 1. the electron gun, 2. a deflection system,
3. a fluorescent screen. These essential parts of a cathode-
ray tube are mounted inside a highly evacuated, funnel-
shaped glass envelope (as shown in Fig. 6) the large end of

DEFLECTION
SYSTEM

ELECTRON GUN
20 gﬁ
TS

CATHODE l

FLUGRESCENT ..
SCREEN

CONTROL  Focusing
GRID  AND ACCELERATING
ANODES

Fig. 6. Structure of electrostatic-deflection type cathode-ray tube
which has the fluorescent screen coated upon the inside
surface.

2. The electron gun has the job of producing and focu-
sing the electrons into a narrow beam so that it makes a tiny
spot, when impinging on the fluorescent screen. A broad
beam is of little use for accurate display of waveforms or
TV pictures. An electron gun of the electrostatic type con-
sists of an indirectly heated cathode, a control grid, an ac-
celerating electrode or grid, a focusing anode, and a final
accelerating anode. These electrodes are in the form of cy-
linders surrounding the cathode. Connections to the electro-
des are brought to pins in the base.!

3. The cathode emits the electrons, the control grid
determines the amount of electron flow by means of the
negative bias placed on it, and the accelerating electrode
being highly positive with respect to the cathode speeds up
the electrons passing through it. Electrons passing through
the openings in the accelerating electrode are focused into
a sharp electron beam by the combined effect of the focu-
sing anode and the final accelerating anode, which are in
effect a multiple electronic lens system.? Both the accele-
rating and focusing anodes are at a positive potential with
respect to the cathode but the voltage on the focusing anode
is always considerably lower by several hundred to thous-
and volts than that on the final accelerating anode.

(to be continued)
1500

54



Commentary

1. are brought to pins in the base — BbiBeLeHbl Ha IUTHIPb-
KH B OCHOBAaHMH JaMIIbl

2. are in effect a multiple electronic lens system — sBJs-
loTcl  PAKTHYECKH COCTaBHOH CHMCTEMOH 3JIEKTPOHHHIX JIHH3

EXERCISES

1. Review questions

1. What do cathode-ray tubes provide? 2. What basic
compornents do they consist of? 3. Where are the essential
parts of the cathode-ray tube mounted? 4. What does the
electron gun produce? 5. What does the electron gun con-
sist of? 6. What does the control grid determine?

1. Make up an abstract of the text basing on the answers
to the above questions. . .

111. Translate the international words without a dictionary:
system, form, focusing, visual, final

IV. Define the meanings of the suffixes in the following
words and translate the words:
representation; directly, indirectly; combiner, combina-
tion, recombination; voltage; essentially; consideration, con-
siderably, considerable

V. Translate these synonyms and memorize them:
1. beam (n), ray . ~

2. job (n), work

3. accurate (adj), exact, precise

4. essential (adj), necessary, important, main, principal
5. hroad (adj), wide

6. accelerate (v), speed up

7. several (ad; & pron), a few, some

8. in effect, in fact :

9. consist of (v), be made up of, be composed of

10 speed (n), velocity, rate of motion-

V1. Translate these verbs and learn them.
to mount, to combine, to deflect, to abbreviate, to con-
sider, to occur, to adjust, to desire, to place, to produce
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1.

Pronunciation Drill 1
Practise [t, d, 1d] sounds at the end of the words:

1. [t] passed, finished, produced, developed, placed, at-
tached, reduced, helped

2. [d] called, offered, released, ordered, mentioned, trans-
ferred, considered, supplied

3. [id] permitted, depended, heated, extended, directed,
provided, consisted, coated

Pronunciation Drill 2

While reading these words pay attention to the stress markings:

s Q@ [ I e @ o e @ ¢ o
bombard otherwise persistence comparison
occur afterglow dependent intensity
conduct luminous directly material
TEXT 10
CATHODE-RAY TUBE
(Continued)

1. If the electron beam leaving the electron gun were
not deflected, it would produce a luminous spot at the cen-
tre of the fluorescent screen. The intensity of this spot can
be controlled by adjusting the control-grid bias, but it is
also dependent on the fluorescent material coated on the
inside of the tube. Among commonly used fluorescent mate-
rials are zinc silicate, which gives off predominantly green
light; zinc oxide, which gives off a blue color; zinc beryl-
lium silicate or zinc sulphide, which glow yellow; and com-
bination of fluorescent materials, which can be selected to
give off nearly white light.

2. Another important consideration in the choice of
fluorescent materials is their afterglow or persistence of
glow after the electrons have ceased to bombard a spot on
the screen. If the afterglow is less than 0.1 second, the screen
is said to have short persistence; if it is 1 second or more,
it has a long persistence. Between these limits the persistence
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is medium. Short persistence is desirable for rapidly chang-
ing images, such as those displayed in television. Long
persistence is occasionally of advantage, such as in radar
presentations and wave-form comparisons.

3. You can readily see that some means must be provid-
ed for removing the electrons from the screen and returning
them to the cathode. Otherwise the negative charge on the
screen would build up to a point where it would repel arri-
ving electrons, and no more could reach it. The method used
for removing the electrons is to place a conducting coating
of carbon particles, called Aquadag, along the side walls
of the tube except the screen and to connect the coating to
the cathode or the accelerating anode, providing a ground
return to the cathode. Although the coating is not directly
connected to the screen, the electrons are removed by means
of secondary emission from the screen and no pile-up occurs.
The secondary electrons are collected by the coating and
then returned to the cathode.

4. The electron beam may be deflected either electro-
statically or magnetically.. Let us consider electrostatic de-
flection. An electrostatic field can be produced between two
metal plates simply by applying a potential difference be-
tween them. Electrons entering the field between the def-
lecting plates will be bent in the direction of the lines of
force, that is, they will be attracted toward the positive
plate. The resultant path of the beam will be the net effect
between its forward velocity and its deflection.? As a result
the electron spot is deflected upward or downward depending
upon the polarity of the voltage on the plate.

5. Note in Fig. 6 that two pairs of deflecting plates at
right angles to each other are set into the path.ef the elect-
ron beam. The vertical deflecting plates move the beam ver-
tically up and down, while the horizontal deflecting plates
move the beam sideways, to the left or right of the centre.

2500

Commentary

1. The resultant path of the beam will be the net effect
between its forward velocity and its deflection. — Tpaek-
TOPHSl 3JEKTPOHHOTO JIy4ya NOJYYHTCS KaK pe3y/bTaT B3aHMO-
LeHCTBHS JIMHEHHOH CKOPOCTH 3JEKTPOHOB M OTKJOHSIIOLIMX
CHJL.
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EXERCISES
1. Review questions:

1. By means of what can a luminous spot on the fluores-
cent screen be controlled? 2. What fluorescent materials
are commonly used? 3. What is important consideration in
the choice of fluorescent materials? 4. When is short per-
sistence desirable? 5. What persistence is occasionally of
advantage? 6. Why must some means be provided for remov-
ing the electrons from the screen and returning them to

~ the cathode? 7. What is the Aquadag coating? 8. How may
the electron beam be deflected? 9. What is the function of
the vertical and horizontal deflecting plates?

Il. Make up an abstract of the text basing on the answers
to the above questions.

I1l. Translate the international words without a dictionary:

intensity, combination, polarity, silicate, sulphide, zinc,
beryllium, carbon, luminous, resultant, fluorescent

*IV. Which of the following words are verbs?

A B C D
1. special specialist speciality specialize
2. specify specific specifically specification
3. long along length lengthen
4. alternate  alternative alternator alternation
V. Translate these synonyms and memorize them:
1. means (n), way, manner, mode
2. method (n), technique
3. material (n), substance, matter
4. adjust (v), regulate
5. give off (v), emit
6. occur (v), happen, take place
7. conduct (v), carry, transmit, convey, guide, lead
8. select (v), choose
9. highly (adv), very
10. rapidly (adv), quickly

=

. Translate these words and word combinations and learn
them:

readily, otherwise, by means of, let us, in effect, among,

after, such as, both ... and, occasionally
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Pronunciation Drill 1

Practise the sound [ul:
input, output, full, push, pull, took, look, understood,
should, could, would, put

Practise the sound lu:l:
loose, lose, too, move, remove, rule, smooth, grew, thro-
ugh, choose, throughout

Pronunciation Drill 2

While reading these words pay attention to the stress markings:

@ o e O ® o o
image retrace increment
steady thereby synchronize
over convert interval
TEXT 11
OSCILLOGRAPH

1. A cathode-ray tube is an essential part of all oscillo-
graphs and TV receivers. Consider now the way a cathode-
ray tube is employed in the oscillograph. The primary pur-
pose of the oscillograph is to convert electric signals into
visual images. A simplified diagram of the oscillograph is
shown in Fig. 7.

2. The oscillo- o— VERTICAL
graph  comprises, INPUT | DEFLECTION]| ~
besides the cathode- AMPLIFIER

ray tube, the scan-
ning, deflection and | 0

synchronizing cir- [ u~en”

cuits. Like any |mz/wve v
electronic device, it [C/RCUIT

is supplied with a

dc voltage.. . -9

SCANNING
3. The voltage |y 7oy
of the signal inves- | r/rey/7

tigated enters the

vertical deflection Fig. 7. Simplified diagram of the oscillo-
input of the ampli- graph

-
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fier. On leaving the amplifier, the amplified signal reaches
the vertical deflecting plates, creating a potential difference
between them. Passing between the plates, the electron beam
is deflected from its initial direction, the amount of deflec-
tion depending on the voltage of the output signal. The higher
is the instant magnitude of the voltage investigated, the
more is the spot deflected from the centre of the tube
screen. o

4. The scanning voltage supplied by the scanning circuit
is fed to the horizontal deflecting plates. Under the action
of this voltage, the electron beam is made to sweep along
a horizontal line, moving from left to right, it is then quickly
returned to the left to scan along the same horizontal line
again. During this horizontal retrace period the cathode-
ray tube is blocked out to make the retrace lines invisible.
This retrace must be very rapid in order not to lose the in-
formation comtained in fhe input signal. _

5. Scanning is accomplished by deflecting electron beams.
To do this a deflection voltage must pull the electron
beam horizontally across the tube. The amplitude of this
voltage must rise linearly to provide equal increments in
amplitude for equal intervals of time. At the end of each
scanning line the deflection voltage must fall back to zero
in minimum time; that is, the retrace must be as short as
possible. A waveform that provides this relatively slow li-
near rise in amplitude and rapid retrace to zero has the appear-
ance of the teeth of a saw and hence, is called a saw-
tooth waveform The saw-tooth scanning waveform for
hizontal scanning called sweep is shown in Fig. 8.

6. When there is no input signal the electron beam
traces a horizontal line on the face of the electron
cathode-ray tube. When
it appears, both the vert-
ical deflecting voltage
and the scanning voltage
make the electron ray
trace the image of the
input signal on the fluo-
rescent screen, thereby
_» showing how the input
TINE signal voltage changes

with time.

Fig. 8. Saw-tooth scanning waveform _ /- 10 obtain a steady
for horizontal sweep image on the oscillograph
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screen it is necessary for each trace produced in each period of
scanning to overlay most accurately the previously obtained
trace. Such superposition can be obtained only, provided
that each sweep coincides with the beginning of each succes-
sive period of the input signal. This is ensured by the syn-
chronizing circuit which sends a pulse fo start the scanning
at the moment the input signal appears.

2000

* EXERCISES

I. Review questions:

1. What is the primary purpose of the oscillograph?
2. What are the essential parts of the oscillograph and TV
receivers? 3. What current is the oscillograph supplied with?
4. What does the amount of deflection depend upon? 5. What
for is a saw-tooth waveform used? 6. How is a steady image
obtained?

II. Make up an abstract of the text basing on the answers
to the above questions.

111. Translate the international words without a dictionary:
pulse, period, amplitude, interval, diagram, synchroni-
zing, information, moment, oscillograph

IV. Define what parts of speech these words are and trans-
late them:
investigator, receiver, primary, invisible, essential, suc-
cessive, initial, unnecessary, beginning, increment, retrace,
superposition, reproduce, disappear, deflection, accurately

V. Translate these synonyms and memorize them:
image (n), representation

period (n), time, cycle

steady (adj), fixed, stable

device (n), gadget, instrument

supply (v), furnish, provide

show (v), indicate, illustrate, demonstrate
investigate (v), research, explore
accurately (adv), exactly

hence (adv), so, then, therefore, consequently
appear (v), become visible

CLOXNO =

[o—
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VI. Translate these words and word combinations and learn

them:
besides, the same, in order to, relatively, provided,

thereby, such, how, along, any

Test 1

Find the correct answer out of the three given to each question:

1.

[=
[ ]

SCLOXNOOA LN~

Which of the following tubes converts an electrical sig-
nal into a visual one:
a diode tube, a triode tube, a cathode-ray tube

. In which of the following.devices a cathode-ray tube is

used:
a radio-receiver, an ac amplifier, an oscillograph

. Which of the following particles are to be removed from

the cathede-ray tube when it is operating:
electrons, neutrons, gas molecules

. By means of which of the following fields the electron

deflection is produced in the above mentioned tube:

a magnetic field, an electrostatic field, the combination
of magnetic and electrostatic fields

Which of the following parts of the cathode-ray tube is
used for producing a narrow beam of electrons:

an electron gun, plates of the deflecting system, a fluo-
rescent screen

. Which of the following parts of the cathode-ray tube the

investigated signal enters:
the electron gun, the vertical deflecting plates, horizon-
tal deflecting plates

Test 2
Find Russian equivalents for the English verbs (see p. 148):
mount (a) xenathb
combine (b) cuutarh, paccMaTpuUBaTh
deflect (c) cayuatecs, MOABAATHCS
consider (d) momemars
adjust () mponsBOIHTH
place (f) obremuusTh(CS)
desire (g) cokpamarb
abbreviate (h) orknousite(cs)
produce (i) MouTHpOBaTh
occur : (j) perynuporartb



1. Find Russian equivalents for the English words and
word combinations (see p. 148):

1. readily (a) nnage

2. otherwise (b) mocpencTBoM

3. let us (c) cpenn

4. in effect (d) serko

5. among (e) mocJie; mocjie TOrO Kak

6. such as (f) maBafite

7. by means of (g) Taxkoli Kak; Kak Harnpumep

8. after (h) KaK ... TaK M

9. both ... and (i) unoOrza, cyydaiHO

10. occasionally (j) B AEHCTBHUTENBHOCTH

1. Find Russian equivalents for the English words and
word combinations (see p. 148):

1. besides (a) ToT XKe caMbli
2. in order to (b) npu ycnoBHH, €CIH
3. the same (c) Tako#
4. provided (d) xpome TOrO, IIOMHMO
5. such ' (e) nmo6oit
6. how (f) orHOCHTENBHO
7. relatively (g) BIOMBL, MO
8. any (h) mocpexcTBOM 3TOrO
9. along (i) xakK
10. thereby (j) ana Toro, yToObI
IV. Match these synonyms (see pp. 148):
1. give off (a) in effect
2. means (n) (b) emit
3. hence (c) stable
4. speed (d) precise -
5. steady (e) highly
6. period (f) velocity
7. accurate (g) rapidly
8. in fact (h) therefore
9. quickly (i) cycle
10. very () way
Test 3

Find a synonym (a), (b), (c) or (d) to the word or word com-
bination in bold type:
1. The process takes place — (a) shows; (b) indicates;
(c) means; (d) occurs
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2. To accelerate electrons — (a) conduct; (b) focus;
(¢) emit; (d) speed up

3. To regulate a device — (a) produce; (b) fix; (c) ad-
just; (d) construct

4. To choose a conductor — (a) apply; (b) use; (c) con-
nect; (d) select
" t5 A broad beam — (a) long; (b) wide; (c) light; (d)
shor -

6. An -electron beam — (a) flow; (b) ray; (c) gun;
(d) device :

7. To indicate the polarity — (a) represent; (b) show;
(c) use; (d) provide

8. To guide electrons — (a) liberate; (b) conduct; (c) give
off; (d) accelerate

9. A difficult job — (a) task; (b) work; (c) situation;
(d) position

10. The applied technique — (a) machine; (b) instrument;
(c) method; (d) device

11. To consist of elementary particles — (a) knock out;
(b) depend on; (c) find; (d) be made up of

12. To investigate the voltage — (a) research; (b) deter-
mine; (c) know; (d) measure

13. A highly sensitive device — (a) good; (b) new;
(c) very; (d) modern :

14. Several devices —'(a) a lot of; (b) the same; (c) five;
(d) a few

15. The battery supplies energy — (a) uses; (b) changes;
~ (c) furnishes; (d) adjusts

16. To move rapidly — (a) in the same way; (b) quickly;
(c) slowly; (d) quietly ;

17. Accurately obtained trace — (a) usually; (b) earlier;
(c) exactly; (d) previously

18. The image of the input signal — (a) form; (b) speed;
(c) period; (d) representation

19. The essential part of — (a) main; (b) other; (c) sec-
ond; (d) last

20. The same kind of matter — (a) work; (b) substance;
(c) energy; (d) voltage

Test 4

Finish each sentence choosing one of the three variants (),
(b) or (c) based on the texts from Section V:
1. Cathode-ray tubes provide...

64



10.

11.

12,

13.

(a) the generating of the sound waves; (b) amplifi-
cation of low electrical signal; (c) a visual representa-
tion of voltage and current waveforms.

. Cathode-ray tubes consist of...

(a) one basic component; (b) two basic components;
(c) three basic components.

One of the essential parts of a cathode-ray tube is...

(a) an electron gun; (b) a source of positive voltage;
(c) a transistor amplifier.

. A narrow beam produced by an electron gun accelerates

focuses and consists of...
(a) positive ions; (b) electrons; (c) protons.

. A deflection system

(a) produces electrons (b) deflects the electron beam;
(c) is the source of electrons.

. A fluorescent screen produces...

(@) an electron beam; (b) an alternating current;
(c) a spot of visible light.

. The fluorescent screen is covered with...

(@) fluorescent materials; (b) conducting coating of
carbon particles; (¢) a thin copper coating.

. The essential parts of a cathode-ray tube are housed in...

(@) a hollow cylinder; (b) a glass envelope; (c) a me-
tal box.

. The method used for removing the electrons from the

screen and returning them to the cathode is...
(@) to place the Aquadag coating; (b) to remove the
cathode; (c) to place an anode battery.
The essential part of all oscillograph and TV receivers
is...
(@) a ftransistor oscillator; (b) a cathode-ray tube;
(c) a generator of the alternating current.
The primary purpose of the oscillograph is to convert...
(a) electric signals into visual images; (b) an alter-
nating current into a direct current; (c) a saw-tooth
waveform into a sinewave.

The oscillograph comprises, besides the cathode-ray
tube...

(a) a sinewave voltage oscillator; (b) the scanning,
deflection and synchronizing c1rcu1ts (¢) a tube tank
circuit.

The electron gun of the cathode-ray tube of the oscillo-
graph is supplied with...

(a) dc voltage; (b) ac voltage; (c) a dumping sinewave.

6—-638
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14,

15.

16.

17.

18.

19.

20.

The voltage of the signal investigated enters...

(a) the horizontal deflection input of the amplifier;
(b) the vertical deflection input of the amplifier; (c) the
filament circuit of the cathode-ray tube.

The amount of vertical deflection depends on...

(a) the strength of the current of the cathode-ray
tube; (b) the input signal of the horizontal amplifier;
(cl)fthe voltage of the output signal of the vertical am-
plifier. .

Scanning is accomplished by...

(a) deflecting electron beams along the horizontal
line; (b) changing the filament voltage of the cathode-
ray tube; (c) changing the amount of electrons getting
on the fluorescent screen.

A waveform that provides the relatively slow linear
rise in amplitude and rapid retrace to zero has the ap-
pearance .6f... '

(a) the straight line; (b) the sinewave; (c) the teeth
of a saw.

A waveform that has the appearance of the teeth of a
saw is called... :

(a) a saw-tooth waveform; (b) a dc voltage waveform;
(c) a sinewave.

To obtain a steady image on-the oscillograph screen it
is necessary...

(a) to change sharply the filament voltage in accor-
dance with the input signal; (b) to overlay most accurate-
ly the previously obtained trace; (c) to reduce the
light spot on the screen of the oscillograph.
Superposition can be obtained only, provided...

(a) the input signal is slowly changed; (b) the saw-
tooth voltage is absent; (c) each sweep coincides with
the beginning of each successive period of the input
signal.

(See keys to the tests on p. 148)

Translate into Russian without a dictionary.

TEXT

1. Cathode-ray tubes convert an electrical signal into a

visual one by shooting a beam of electrons at a fluorescent
screen and deflecting the beam in accordance with the va-
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riations of the electrical signal. Cathode-ray tubes consist
of an electron-gun, a deflection system, and a fluorescent-
screen, all housed in a glass envelope.

2. The electron gun — usually made up of a heater-type
cathode, a control grid, an accelerating electrode or grid, a
focusing anode, and a final accelerating anode — produces,
accelerates and focuses the emitted electrons into a narrow
beam. It acts as an electron emitter and electronic lens sys-
tem. :

3. The fluorescent screen is coated with a phosphor zinc
silicate, zinc oxide, zinc sulphide that produces visible
light when electrons impinge on it.

4. The oscillograph comprises the cathode-ray tube, the
scanning, deflection and synchronizing circuits. It is sup-
plied with a direct current. The oscillograph converts elec-
tric signals into visual images. To obtain a steady image
on the oscillograph screen it is necessary for each trace pro-
duced in each period of scanning to overlay most accurately
the previously obtained trace. .

1000

SECTION SIX
L.

Pronunciation Drill 1

Practise the sound [f]: -

initial, commercial, appreciable, associate, potential,
substantial, sharp, pressure, ratio, shade, especially, shape,
share

Pronunciation Drill 2

While reading these words pay attention to the stress markings:

o o e @ ' ® oo
recent respect discussion popular
solid assume adjacent silicon
crystal dislodge conduction diamond
valence  prevail transistor terminal
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TEXT 12
TRANSISTORS AND SEMICONDUCTORS

1. In recent years the transistor — an entirely new type
of electron device — has come into its own! and bids to re-
place the bulky electron tubes in many applications. Tran-
sistors are far smaller than tubes, have no filament and
hence need no heating power. They are mechanically rugged,
have practically unlimited life, and can do some jobs better
than electron tubes, while catching up fast in other respects.?

2. In contrast to electron tubes, which utilize the flow
of free electrons through a vacuum or gas, the transistor
relies for its operation on the movement of charge carriers
through a solid substance, a semiconductor. Transistors are
only one of the family of semiconductors; many other semi-
conductor applications are becoming increasingly popular
and new ones are constantly being discovered.

3. It is known that materials are classed as semiconduc-
tors if their electrical conductivity is intermediate between
- metallic conductors, which have a large number of free elect-
rons available as charge carriers, and non-metallic insula-
tors, which have practically no free electrons available to
conduct current. The two semiconductors most frequently
used in electronics and transistor manufacture are germanium
and silicon. Both elements have the same crystal structure
and similar characteristics, so that the discussion that fol-
lows for germanium will also apply to silicon.

4. It is known that outermost electron shell of an atom
contains the loosely held valence electrons, which are easily
dislodged to become electric current carriers. Germanium
has four valence electrons in its outer shell, and for our
purposes, the atom may be pictured as containing only these
electrons and four protons in the nucleus to keep it electri-
cally neutral. v

5. When germanium is in crystalline form its atoms
assume the typical diamond structure. In this structure
adjacent germanium atoms share their valence electrons in
a strong bond, so that effectively four orbital electron pairs
are associated with each nucleus. These electron pairs are
termed covalent bonds and they are bound so strongly to
each other and to the nucleus that no free electrons are avai-
lable to conduct a current through the germanium.

6. A pure germanium crystal, therefore, is practically
a non-conductor of electricity. It is not completely non-
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conducting, since ordinary heat energy occasionally dis-
rupts some of the covalent bonds, thus liberating free elect-
rons as charge carriers. ,

7. If a small amount of an impurity is introduced into
the germanium crystal, its current-conducting characteris-
tics change radically. Thus, when atoms that have five
electrons in their outer shell are introduced into the germa-
nium, a procedure known as doping, the fifth electron of
the impurity atom does not find a place in the symmetrical
covalent-bond structure and, hence, is free to roam around
through the crystal. These free electrons are then available
as electric current carriers.

8. By placing an electric field across the “doped” ger-
manium crystal, the excess of free electrons donated by the
impurity atoms will travel toward the positive terminal of
the voltage source. Relatively few impurity or “donor”
atoms within the germanium structure permit fairly substan-
tial electron currents through the crystal when an electric
field is applied. Germanium that has been doped by pen-
tavalent donor atoms is known to be n-type germanium, be-
cause current conduction is carried on with negative charge
carriers, or electrons.

9. Consider now the situation when an impurity that
has only three electrons in its outer shell is introduced into
the pure germanium crystal. The trivalent indium atoms
take their place in the germanium structure, but one of the
covalent bonds around each indium atom has an electron
missing,® or a hole in its place. Although the hole indicates
the absence of an electron it behaves like a real, positively
charged particle when an electric field is applied across the
crystal. ~

10. Under the influence of the electric field, electrons
within the crystal will tend to move toward the-positive ter-
minal of the voltage source and jump into the available ho-
les of the indium atoms near the positive terminal. Since
there are no free electrons available, the deficient indium
atoms near the positive terminal “steal” electrons from their
neighbors by disrupting their covalent bonds. This creates
new holes in adjacent atoms. '

11. As electrons move toward the positive terminal, the
holes will move toward the negative terminal, thus acting
like mobile, positive particles. As the holes reach the nega-
tive terminal, electrons enter the crystal near the terminal
and combine with the holes, thus cancelling them.
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12. At the same time, the loosely held electrons that
filled the holes near the positive terminal, are attracted
away from their atoms into the positive terminal. This, of
course, creates new holes near the positive terminal, which
again drift toward the negative terminal. Current conduction
may thus be considered to occur by means of holes inside
the crystal, and by means of electrons through the external
connecting wires .and battery.

13. An impurity that has three electrons in its outer
shell is known as an acceptor atom, because it takes elect-
rons away from surrounding germanium atoms. Germanium
that has been doped with trivalent acceptor atoms is called
p-type germanium, to specify that current conduction is
carried on.by holes, which are the equivalent of positive
charges.

- 4700
Commentary

1. has come into its own — cran COBEpIIEHHO CaMOCTOSI-
TeJbHBIM

2. while catching up fast in other respects — u LIHPOKO
[IPUMEHsIeTC B APYTHX OGIACTAX TeXHUKH

3. an electron missing — Hexocrawmui 3JIEKTPOH

EXERCISES

. L. Review questions:

1. What is a transistor? 2. What do transistors replace?
3. What are two most frequently used varieties of semicon-
ductors? 4. What structure do germanium and silicon have?
5. Why is a pure germanium crystal practically called a
non-conductor? 6. When do the current-conducting charac-
teristics of the germanium crystal change? 7. What proce-
dure is known as doping? 8. What is n-type germanium?
9. What is an acceptor atom? 10. What is p-type germanium?

Il. Make up an abstract of the text basing on the answers
to the above questions. -

1. Translate the international words without a dictionary:

situation, procedure, variety, popular, neutral, crystal-
line, mobile, equivalent, trivalent, real, practically, radi-
cally

IV. Explain what meanings prefixes and suffixes give to
the following words and translate the words:
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temainder, collector, carrier, amplifier, detector, semi-
conductor, emitter, rectifier, unfavourable, independent,
impurity, non-metallic, recombination, mover, movement,
movable, specify, loosely

V. Translate these synonyms and memorize them:
free (adj), loose

often (adv), frequently

substantial (adj), essential

instant (n), moment

pair (n), couple, two

disrupt (v), break

procedure (n), process

create (v), build up

radically (adv), completely, entirely
10. variety (n), kind, change, difference

VI. Translate these verbs and learn them:

to replace, to rely, to introduce, to travel, to enter to
behave, to cancel, to associate, to 11berate to permit

©ONO RN
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Pronunciation Drill 1
Practise the sound [dzl:
germanium, generate, energy, exaggerate, just, region,
junction, gadget, logical, inject, majority, ingenious, advan-
tage, charge, voltage, stage, giant, geometry, procedure,
range, adjacent

Pronunciation Drill 2

-
e

While reading these words pay attention to the siress markings:

'Y ) Qoo e @co
below generate impurity
before liberate vicinity
arrive indicate effectively
abrupt equally extensively

TEXT 13

P—N JUNCTION DIODES

1. Conduction of electric current through p- or n-type
germanium takes place equally well in either direction;
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hence, reversing the polarity of the battery will not affect
Ihe amount of current flow, although it reverses its direc-
1011.

2. Consider now what happens when p-type germanium
is joined to n-type germanium and a voltage is applied ac-
ross the junction. With the p-type germanium biased positive-
ly, as illustrated in Fig. 9a, the holes are repelled by the

b __+P N
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O
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Fig. 9a, b, Current flows across p~n junction with forward and
reverse bias

battery voltage toward the junction between the p- and
n-type material. Simultaneously, the electrons in the n-type
germanium are repelled by the negative battery voltage to-
ward the p—n junction.

3. Although there is normally a potential barrier at the
p—n junction that prevents electrons and holes from moving
across and combining, under the influence of the electric
field of the battery the holes move to the right across jun-
ction and the electrons move to the left. In the region of the
p—n junction, therefore, electrons and holes meet and com-
bine, thus ceasing to exist as mobile charge carriers.

4. For each electron hole combination that takes place
near the junction, a covalent bond near the positive battery
terminal breaks down, an electron is liberated and enters
the positive terminal. This action creates a new hole which
moves to the right toward the p—n junction.

5. At the opposite end, in the n-region near the negative
terminal, more electrons arrive from the negative battery
terminal and enter the n-region to replace the electrons
lost by combination with holes near the junction. These
. electrons move toward the junction at the left, where they
again combine with new holes arriving there. As a conse-
quence, a relatively large current flows through the junction.
The current through the external connecting wires and bat-
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tery is carried by positive charges, in the direction shown
in Fig. 9a.

6. The battery connection that permits current to flow
across the p—n junction is known as forward bias. A mini-
mum voltage of about 0.1 volt is needed to overcome the
potential barrier at the junction and permit any current
to flow as shown in Fig. 10. The current then increases ra-
pidly with increasing battery voltage.

7. 1f the battery
yoltage is reversed in

polarity, as illustrated - Lm

in Fig. 9b, an entirely , 400

different situation pre- 300 B
vails. The holes are 200 /

now attracted to the ‘i /
negative battery ter- | | o] J

minal and move away | 200| 150] 720 80| 40 |
from the p—n junction, ¢, v ﬁﬂ_o'l" 0y
while the electrons also +— 1

move away from the | ’

junction because of the s l 0,4 ‘
attraction of the po- :

sitive terminal.

8. Since there are Fig. 10. Volt-ampere characteristic curve
effectively no hole and of a p—n junction

electron carriers in

the vicinity of the junction, current flow stops almost
completely. A small reverse current of a few microamperes
still flows across the junction. This reverse current is due
to thermally generated electron-hole, within both the p-
and n-type materials. -

9. As mentioned before, some covalent bonds always
break down because of the normal heat- energy of the crys-
tal molecules. Electrons liberated by this process in the
p-material move right across the junction under the influ-
ence of the electric field, while holes generated in the n-ma-
terial move to the left into the p-material. Thus a small
electron-hole combination current* is maintained by these
so-called minority carriers. '

10. 1f the reverse bias is made very high, the covalent
bonds near the junction break down, and a large number
of electron-hole pairs will be liberated; the reverse current
then increases abruptly to a relatively large value and p—n
junction breaks down.
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I1. The unilateral current conduction characteristic of a
p—n_junction is seen to be similar to that of the conventio-
nal diode tube. Germanium and other semiconductor diodes
are extensively used as rectifiers and detectors.

———

- 2300
Commentary

1. a small electron-hole combination current — He6ospe
WOH 3eKTPOHHO-ALIPOYHBIH TOK

EXERCISES

I. Review questions:

1. In what direction does conduction of electric current
through p- or n-type germanium take place? 2. What hap-
pens when p-type germanium is biased positively? 3. What is
forward bias? 4. How does the battery voltage influence
the direct current? 5. When do the covalent bonds near the
junction break down? 6. What devices are extensively used
as rectifiers and detectors?

Il. Make up an abstract of the text basing on the answers
to the above questions. .

1. Translate the international words without a dictionary:
to combine, to prevail, to repeat, to diffuse, to generafe,
to inject

*IV. Which of these words have negative prefixes?

A B C D
1. overwork non-relative semiconductor reopen
2. impossible underestimate illegal misuse
3. co-exist unanswerable  sub-group dissymmetrical
4. forecast self-service irresistible prehistoric
5. mislead interaction invisible superexcellent

V. Translate these synonyms and memorize them:
1. meet (v), encounter '

every (adj), each

maintain (v), support, keep

prevail (v), predominate

stop (v), cease

increase (v), enlarge, raise

affect (v), influence

liberate (v), release, free

PN O W
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9. vicinity (n), region
10. extensively (adv), widely, broadly

V1. Translate these words and word combinations and learn
them.

simultaneously, almost, in contrast, practically, frequent-
ly. of course, abruptly, as a consequence, before, entirely

1L

Pronunciation Drill 1
Practise the sound Isl:

since, centre, valence, circuit, vicinity, cancel, accelera-
te, specific, procedure, practice, cease, consequence

Practise the sound [3]:

measure, diffusion, conclusion, visual, precision, deci-
sion

Pronunciation Drill 2

While reading these words pay attention to the stress markings:

[. ] e @O e @ o @ o o
region repeat extremely evident
mobile reverse displacement ruggedness
central combine = extension vacuum
TEXT 14 |
TRANSISTORS

1. Just as the triode tube followed on the heels of' the
vacuum diode, you might expect that the logical extension
of the semiconductor diode junction would be a triode jun-
ction, consisting of two p—n junctions. This is indeed the
case, and the modern p—n—p or n—p—n junction triode
transistors are in many respects analogous to triode electron
tubes. A junction transistor has advantages of long life,
small size, ruggedness and absence of cathode heating power.?
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Fig. 11. Non-conducting p—n—p junction_transistor

2. Fig. 11 illustrates a p—n—p junction, made up of a
sandwich of two p—n germanium junction diodes, placed
back to back.® Although exaggerated in the illustration,
the centre or n-type portion of the sandwich is exfremely
thin in comparison to the p-regions.

3. With the battery polarities as shown in Fig. 11, the
p-regions are negative with respect to the central n-region
or conversely the n-region called the base is positive with
respect to the p-regions. The mobile electrons in the n-re-
gion, therefore, initially move away from both junctions in
the direction of the positive connecting terminal. The holes
in each of the p-regions also move away from the junctions
and are attracted toward the negative terminals. After these
initial displacements of holes and electrons the current
flow stops. .

4. Consider now the same p—n—p sandwich, but with
the batteries connected as in Fig. 12. Note that the p-region

at the left of Fig.

P N p 12 is biased posi-

N o ] tively, in the for-

T o I R ward direction,

Fo— +&_§* + o while the p-region

f O NP B _1 at theright is biased

T2 ~ —~ £ negatively in the
_F” EMITTER COLLECTOR fﬂ‘+ re"grs":rg" eﬁtll""-.

JUNCTION JUNCTION - The holes in

the left p-region,

: known as emitter

Fig. 12. Basis connectionjof p—n—p junction are repelled by the
transistor : positive battery ter-

. minal toward the
left p—n emitter junction. Under the influence of the electric
field the holes overcome the barrier and cross the emitter
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junction into the n-type or base region. This region is very
thin and only lightly “doped”. with impurity atoms, so that
the majority of the holes are able to drift across the base
without meeting electrons to combine with.

6. A small number of holes, however, are lost in this
area because of recombination with electrons. The remain-
der penetrates through the almost porous base regions and
flows across the right junction into the p-region or collector.
The junction with a reverse bias in a transistor is termed
collector junction. The negative collector voltage E aids
in rapidly sweeping up the holes that pass into the collector
region. :

7. As each hole reaches the collector electrodes, an elect-
ron is emitted from the negative battery terminal E. and

neutralizes the hole. For each hole that is lost by combina- -

tion with an electron in the collector and base areas, a co-
valent bond near the emitter electrode breaks down and a
liberated electron leaves the emitter electrode and enters
the positive battery terminal Ec. The new hole that is for-
med then moves immediately forward the emitter junction,
and the process is repeated.

8. Current conduction within the p-n-p transistor thus
takes place by hole conduction from emitter to collector
while conduction in the external circuit is carried on by
electrons. Furthermore, the collector current must be less
than the emitter current by an amount proportional to the
number of electron-hole combinations occurring in the base
area.

9. The ratio of collector current to emitter current is
known as alpha and it is a measure of the possible current
amplification in a transistor. From the definition, alpha
cannot be higher than 1, but practical values of 0.95 to 0.99
are attained in commercial transistors. )

10. Because of the reverse bias no current ‘can flow in
the collector circuit, unless current is introduced into the
emitter. Since a small emitter voltage of about 0.1 to 0.5
volt permits the flow of an appreciable emitter current,
the input power to the emitter circuit is quite small. As
we have seen, the collector current due to the diffusion of
holes is almost as large as the emitter current. Moreover,
the collector voltage E can be as high as tens of volts,
thus permitting relatively large output- powers.

11. A large amount of power in the collector circuit may
thus be controlled by a small amount of power in the emit-
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 ter circuit. The power gain in a transistor thus may be quite
high, reaching values in the order of 1000. The n-p-n tran-
sistor is similar to the p-n-p transistor except that the pola-
rities are reversed. Thus the negatively biased n-type emit-
ter injects electrons which diffuse through the narrow p-re-
gion and are collected by the positively biased collector.

3600
Commentary

1. on the heels of — no ngTaM, cJIeIoM 3a

2. of cathode heating power — mommuocTu IJis TOforpeBa
Karozia

3. made up of a sandwich of two p—n germanium junc-
tion diodes; placed back to back — cnenanumi us IByX rep-
MaHHEBBIX II€PEXOJIOB, DPaCIONOXKEHHBIX CJIOSMH, HaBCTpeyy

Apyr apyry -~
EXERCISES

I. Review questions:

1. What are transistors analogous to? 2. What advanta-
ges does a junction transistor have? 3. What potentials must
the emitter and the collector have to permit the current
flow through the transistor? 4. What is emitter junction?

. What is collector junction? 6. What properties must the
base of the transistor possess?

Il. Make up an abstract of the text basing on the answers
to the above questions.

HI. Translate the international words without a dictionary:
base, collector, definition, proportion, modern, analog-
ous, porous, commercial

IV. Define to what parts of speech these words belong and
translate them:
proportion, proportional, proportionally; illustration, il-
lustrative, illustrating, illustrated; conclusion, conclusive;
polarity, polarization; interchange, interchangeable, inter-
changeably

V. Translate these synonyms and memorize them:
1. modern (adj), up-to-date, latest, new
2. gather (v), collect
3. enter (v), come in
4. associate (v), connect, join
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therefore (adv), hence, consequently
evident (adj), clear, obvious, apparent
case (n), example, instance

moreover (adv), furthermore
immediately (adv), at once

10, due to (adv), thanks to

© NP ;

V1. Translate these words and word combinations and learn

them:
in comparison to, immediately, furthermore, just as,
indeed, in many respects, unless, initially, due to, conversely

1v.

Pronunciation Drill 1

Practise the sound lel:
enter, inject, however, process, direction, electron, re-

‘pel, present, instead, readily, heavy, evidence, meant, meas-

ure ’

Practise the sound l&l:

arrow, polarity, transistor, battery, barrier, latter, car-
rier, rapid, analysis, analyze, alpha, manufacture, ampere,
classify

Pronunciation Drill 2

While reading thesewords, pay attention to the stress markings:

® o e O o O o @ o o

somewhat  suffice resemble - ratio

input entire potential illustrate

output impress relation minimum

also produce resistance opposite
TEXT 15

TRANSISTOR CHARACTERISTIC CURVES

1. The performance of transistors may be determined
from characteristic curves of their voltage and current rela-
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Ie, tions, just as for conventio-
ma nal electron tubes. Fig. 13
2,0 illustrates the variation of
the emitter current as a func-
15 tion of the emitter-to-base
' VA voltage! E, for a typical
kS ' f-n-p junction triode transis-
or,
- : 2. The emitter current in-
05 - creases rapidly with small in-
crements in the emitter volt-
age. Moreover, the emitter cyr-
0 20 40 60 80 100 120 HOEq,mV  papt is almost independent of
. . the collector-to-base voltage?
. 13. Emitter ¢ A
grlngitter?to-b;:e voltatglger;f)r V: E, althOUgh there is a small

T

7

P—n—p junctjon transistor interaction, as shown by the
: two curves for E,—0 and E.~=10
volts.

3. The main point to note is that a very small emitter

riation, or equivalently, the input resistance to a small sig-

- nal voltage? impressed on the emitter is very low.3
4. A family of collector current — collector voltage /,—E,
characteristics? for the same P—n—p junction transistor
is shown in Fig. 14, Each curve in Fig. 14 represents the
variation in collector cur-

I, ma . rent with changing col-
gl L L 1 | Il =8/Tna | lector-base voltlage l}“c tfl(l)r
! I a constant value of the
7 *“p“#‘ “JJ‘JLJL %ef: 67}//:7: 1] emitter current 7,. Note
L s e e s S £ (‘ that almost the entire
51 ‘f¥~}~1~# le29may G oriation in the collector
sl T | fe- "’”C’J current takes place at
3L | [Je = 3ma very low value of the
T 1 | | l1e=2mal  coliector voltage.
21 R 6= 14| 5. When the collector
L L ) e 1ma| ST
—— T T 1T | voltage is raised above a
C 2468 107127147 18 £,V

value of about one to two
volts, it collects all the
Fig. 14. Collector current vs collector- charge carriers that diffuse

to-base voltage for a p—n—p junction Via the base to the
transistor collector junction, and the
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collector current becomes practically independent of the col-
lector voltage. The collector current above this minimum
potential is nearly, but not quite, equal to the emitter cur-
rent for each curve. You will remember that the collector
current cannot equal the emitter current because of the small
percentage of charge carriers lost in the base due to electron-
hole combinations.

6. The I, — E, curves in Fig. 14 also show that a very
large change in the collector voltage produces only a tiny
change in the collector current, which means that the output
resistance of the transistor i.e. the ratio of the voltage-to-
current change® is also very high. This sheds some light on
the process of voltage and power amplification in a transistor.

7. We have already determined that a small signal volt-
age impressed in the low-resistance emitter circuit of a tran-
sistor produces a relatively large emitter current. Almost
the same amount of current will flow in the high-resistance
collector circuit of the transistor, where the voltage may be
very high. Evidently, then, both the output voltage and
output power can be quite large, compared to the tiny in-
put voltage and power present at the emitter.

2300
Commentary

1. As a function of the emitter-to-base voltage — xak
GyHKuMHM HanpsKeHUs SMUTTEp — 6a3a

2. of the collector-to-base voltage — nanpsixenus: Kosaek-
Top — 6asa

3. the input resistance to a small signal voltage impres-
sed on the emitter is very low — Bxonnoe tonporusnenne
JJIsT CHTHAJIOB HH3KOTO HaNpPSXKEHHsA, (0NaBaeMBIX K 3SMHT-
TEpy, OUEHb Maja : -

4. A family of collector current — collector voltage
I, — E, characteristics — cemeficTBo XapakTepucTHK Kosnex-
TOPHKH TOK — KOJIJIEKTOPHOE HalpsiKeHHe

5. i.e. the ratio of the voltage-to-current change — T.e.
OTHOLIEHHE HM3MEHEHMS] HANPKEHHS K M3MEHEHHIO TOKa

EXERCISES

I. Review questions:

1. What determines the performance of transistors?
2. How does the emitter current increase? 3. How does the
emitter current depend on the collector-to-base voltage?
4. What voltage suffices to produce a large flow of emitter
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current? 5. Why cannot the collector current equal the emit-
ter current? 6. When does the collector voltage collect all
the charge carriers?

Il. Make up an abstract of the text basing on the answers
to the above questions.

1. Define the meanings of the suffixes and prefixes in the
following words and translate the words:
actor, action, interaction, active, activity, actively; de-
pendent, independent, dependable, dependence, independ-
ence, dependency; formation, formative, former, formless,
formula, formulate, formulation; relative, relatively, rela-
tion

IV. Translate _these synonyms and memorize them:

1. because of (prep), on account of
2. above (adv), higher, over, more, greater than, more than
3. diffuse (v), dissipate
- 4. rapid (adj), fast
5. via (adv), through
6. equal (adj), equivalent, adequate, same
7. conventional (adj), usual, common
8. remember (v), keep in mind
9. although (conj), though
10. note (v), mention
V. Brush up these words and word combinations:

then, than, although, through, nearly, necessarily, evi-
dently, moreover, due to, relatively

V.
Pronunciation Drill 1

Practise the sound [a:l:

charge, large, pass, ask, fast, last, regardless, advantage,
part, partial, example, branch, past, task, after, afterwards

Pronunciation Drill 2
While reading these words pay attention to the stress markings:

o O @ o o @ o o @ o o
compact symbol distinguish analogous
provide forward assumption identical
despite inward accordance conventional
perform into efficient necessitate
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TEXT 16
TRANSISTOR SYMBOLS AND CONNECTIONS

1. You've met p-n-p and n-p-n transistors and found
out something about their operation. But in order to recog-
nize a transistor when you see one in a circuit you must
become familiar with some of the forms, connections, and
circuit symbols used to schematize them. Fig. 15 illustrates

(@) N-P-N ~TYPE ()  P-NP-TYPE
TRANSISTOR TRANSISTOR
EMITTER  COLLECTOR — EMITTER  COLLECTOR
BASE BASE

Fig. 15. Transistor circuit symbols n-p-n-type and p-n-p-type

the circuit symbols used for n-p-n transistors (a) and p-n-p
transistors (b). Note that in each case the emitter is distin-
guished from the collector by an arrow, which indicates the
direction of conventional current flow with forward bias.
The conventional current flow is opposite in direction to
electron flow.

2. When transistors are operated as an amplifier, three
different basic circuit connections are possible, as illustrat-
ed in Fig. 16. These are (A) common-base,* (B) common-
emitter,? and (C) common-collector.® Each of these circuit
configurations has specific advantages and limitations.

3. Note that regardless of the circuit connection the emit-
ter is always biased in a forward direction, while the col-
lector always has a reverse bias, in accordance with the bas-
ic connections shown in Fig. 12. This necessitates a posi-
tive emitter bias and a negative collector bias for the p-n-p
transistor, while opposite polarities are required for the
n-p-n transistor. Except for this polarity.reversal, the con-
nections for p-n-p and n-p-n transistors are identical.

4. The common-base connection is shown.in Fig. 16 (A).
We have already become familiar with the common-base
connection, since it is convenient for illustrating transistor
physics. As we found out, this circuit provides a very low
input resistance, and a high output resistance. The common-
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P-N-P TYPE N-P-N TYPE

EMITTER COLLECTOR EMITTER _ COLLECTOR
INPU 7;1 BASE _QUTPUT  INPUT,
+

(A) COMMON - BASE CONNECTION

B ,~IC AP
.
E auTPUT £ fu PUT
INUTS  al _I_ INPUT - e
]’ —l ) +]—"' I + l ]»_

-~ (B)COMMON - EMITTER CONNECTION

B 7 g
c ouTPUT 1’{
INPUT - +_T_ INPUT -
+

}
_ li)(/rpur
—_]‘ | l + I

(C) COMMON - GOLLECTOR  CONNECTION

PR SNN

Fig. 16. Transistor amplifier circuit connections

base circuit provides respectable voltage and power ampli-
fication, as was mentioned earlier.

5. The common-emitter circuit in Fig. 16 (B) is the most
flexible and efficient of the three basic connections. While
its input resistance is somewhat higher and its output resist-
ance is lower than that of the common-base connection, the
common-emitter connection has the highest voltage and pow-
er gain of the three circuits. Like the equivalent vacuum-
tube circuit, the common-emitter connection produces a
phase reversal between the input and output signals. No
such phase reversal occurs with the other two connections.

6. The common-collector connection in Fig. 16 (C) pro-
vides a relatively high input resistance, a low output resist-
ance, and about the same current gain as the common-
emitter circuit. Its voltage gain, however, is always less
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than one. The common-collector circuit is primarily used
for impedance matching and as a buffer stage.t

1700

Commentary

1. (A) common-base — cxema ¢ ofuieii 6a3oi

2. (B) common-emitter — cxema ¢ o6LKUM 3MUTTEPOM

3. (C) common-collector — cxeMa ¢ OOLIUM KOJJIEKTOPOM

4. for impedance matching and as a buffer stage — naa
COIVIacCOBaHMsl CONPOTHBJEHMH H KaK GydepHbIH KacKaj

EXERCISES

1. Review questions:

1. What are three basic circuit connections? 2. What
connection is the most flexible and efficient? 3. What does
the common-emitter connection produce? 4. What is the
common-collector circuit primarily used for? 5. What pro-
perties does common-base connection possess?

Il. Make up an abstract of the text basing on the answers
to the above questions.

111. Translate the international words without a dictionary:
physics, symbol, phase, configuration, identical, specific.

IV. Define what parts of speech these words are and trans-
late them:
necessitate, necessity, ‘necessarily, unnecessary, necessi-
tous; inward, upward, downward, towards, forward; ampli-
fier, amplification
V. Translate these synonyms and memorize them:
device (n), instrument, appliance
mainly (adv), primarily, chiefly .
find out (v), learn
specific (adj), special
necessitate (v), require
provide (v), furnish :
in order to (prep), so that, in order that
earlier (adv), previously, before
identical (adj), the same A
10. in accordance with (prep), according to

V1. Brush up these words and word combinations:
in order to, except for, regardless, primarily, as in the
case, such, like, as mentioned earlier, somewhat, already
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Test 1

Find the correct answer out of the three given to each question:

1.

—
I

Ot Lo N —

86

COLXNDANE W —

Which of the following is an entirely new type of electron
device that appeared within last twenty years:

a hot-cathode vacuum diode, a photoemissive tube, a
transistor

. Which of the following relies for its operation on the

movement of charge carriers through a semiconductor:
an electron tube, a transistor, a gas-filled tube

. Which of the following elements is most frequently used

for transistors:
germanium, silver, copper

. Which of the following is produced by doping with pen-

tavalent ‘donor atoms:
p-type germanium, n-type germanium, germanium

. Which of the following is produced by ‘doping with tri-

valent acceptor atoms:
n-type germanium, p-type germanium, silicon

. Which of the following devices does not need heating

power: :
an electron tube, a transistor, a CRT

Test 2
Find Russian equivalents for the English verbs (see p. 148):
replace (a) BBOIUTD '
introduce (b) mosBosisATH
associate (c) BxonuThH
permit (d) samemarn
cancel (e) monararbes
enter (f) coemunsaTtn
rely (g) yHuutoxaThH
behave (h) nBurarecs
travel (i) ocBoGoxkupaTbes
liberate (j) Bectu cebs

. Find Russian equivalents for the English words and

word combinations (see p. 148):

practically (a) onHOBRpemeHHO

almost (b) pambure, 1o, 5o Tex mop, noxa
of course (c) uacro

simultaneously (d) B orvinuue

before (€) dakTHueckn



6. frequently (f) mourn
7. abruptly (g) xak cnencreue
8. in contrast (h) Bceneso
9. as a consequence (i) Komeuro
10. entirely (j) pesko

1. Find Russian equivalents for the English words and
word combinations (see p. 148):

1. indeed (a) ecn He
2. in many respects  (b) neficrBuTeNBHO
3. unless (c) nmepBonayanbHo
4. in comparison to  (d) BeiencTBHe, H3-3a
5. initially (e) HaoGopor
6. just as (f) xpome Toro
7. due to (2) Hemenmenno
8. conversely (h) PO MHOrux oTHOmeEHHAX
9. furthermore (i) kax, korzma
10. immediately (j) no cpaBrenmio ¢
IV. Find Russian equivalents for the English words
(see p. 148):
1. then (a) uem
2. although (b) HeoSxonumo
3. nearly (c) oueBMAHO
4. necessarily (d) oraocutenbHO
5. evidently (€) uepes
6. moreover (f) 6naronaps
7. due to (g) 3areM
8. than (h) xora
9. relatively (i) moutn
10. through (j) xpome Toro ~
V. Find Russian equivalents for the English . words and
word combinations (see p. 149):
1. in order to (a) Kak paHbllle YIIOMHHAJIOCH
2. already (b) oTuactu
3. primarily (c) mas Toro, uTOOH!
4. somewhat (d) He B3upas Ha
5. regardless (¢) rnasHEIM 06pasoM
6. as mentioned ear- (f) xak B cayuae
lier
7. as in the case (g) 3a HCKMoueHHEM
8. such (h) nopo6Ho
9. except (i) Takofi
10. like (adv) () yxe



V1. Match these synonyms (see pp. 149):

1. often (a) essential

2. create (b) each

3. every ' (c) encounter

4. prevail (d) moment

5. important (e) enlarge

6. instant ' (f) frequently

7. meet ' (g) build up

8. procedure ) (h) pair

9. couple (n) (i) process

10. increase (i) predominate

VII. Match these synonyms (see pp. 149);

1. example (a) collect

2. gather (b) furthermore

3. associate (c) consequently

4. moreover (d) instance

5. immediately (e) in order that

6. therefore (f) require

7. rapid (g) dissipate

8. in order to (h) fast

9. necessitate (i) connect

10. diffuse (i) at once
Test 3

Find a synonym (a), (b), (c) or (d) to the word or word com-

bination in bold type:

1. To cease the flow of electrons — (a) permit; (b) re-
sult in; (c) result from; (d) stop

2. As we have noted that — (a) seen; (b) mentioned;
(c) found; (d) stated

3. In accordance with this law — (a) because of;
(b) thanks to; (c) according to; (d) regardless of

4. To maintain the flow of electrons — (a) allow;
(b) accelerate; (c) control; (d) keep

5. Although the -current is the same — (a) hence;
(b) when; (c) though; (d) practically

6. It is clear that — (a) known; (b) found; (c) sald,
(d) evident

7. Due to the fact — (a) thanks to; (b) in spite of;
(c) except for; (d) because of

8. Free charges — (a) positive; (b) negative; (c) moving;
(d) loose
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9. Some. varieties of semiconductors — (a) materials;
(b) kinds; (c) advantages; (d) disadvantages

10. To use extensively — (a) widely; (b) daily; (c) rare-
ly; (d) at times ,

11. A liberated electron — (a) joined; (b) freed; (c) com-
bined; (d) attached

12. A new device — (a) computer; (b) conductor; (c) ap-
pliance; (d) insulator

13. 'On account of that — (a) because of; (b) instead of;
(c) by means of; (d) in spite of

14. To remember the following rule — (a) know; (b) ex-
plain; (c) mention; (d) keep in mind

15. As we found out — (a) said; (b) learned; (c) stated;
(d) illustrated

16. As mentioned earlier — (a) previously; (b) later;
(¢) recently; (d) now

17. Conventional electron tubes — (a) new; (b) different;
(¢) common; (d) powerful

18. Modern machines — (a) various; (b) large; (c) up-to-
date; (d) old

19. To break down a covalent bond — (a) create;
(b) find; (c) change; (d) disrupt

20. To affect the plate current — (a) raise; (b) speed
up; (c) influence; (d) change

Test 4

Finish each sentence choosing one of the three variants (a),
(b) or (c) based on the texts from Section VI:
1. A transistor is...
(a) a conductor; (b) an electron tube; (c) a new type
of electron device. >
2. The transistor relies for its operation on the movement
of... ‘ -
(a) atoms; (b) charge carriers; (c) molecules.
3. The most frequently used semiconductors in electronics
are...
(a) copper and brass; (b) iron and silver; (c) germanium
and silicon. )
4. In its outer shell germanium has...
(a) four valence electrons; (b) no valence electrons;
() two valence electrons.
5. When germanium is in crystalline form its atoms
assume...
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10.

1.

12.

13.

14.

15.

16.
17.

(a) a simple structure; (b) a complex structure; (c) 4
diamond structure.
The current conducting characteristics of the germanium
crystal change radically when... _

(a) a small amount of impurity is introduced into it;
(b) it has no impurities; (c) it has no excess of uncharged
particles.

. Germanium that has been doped by pentavaient donor

atoms is known as...

(a) p-type germanium; (b) an insulator; (c) n-type
germanium.
An impurity that has three electrons in its outer shell
is... ’

(a) an impurity atom; (b) a donor atom; (c) an accep-
tor atom.. -

- Germanium that has been doped with trivalent acceptor

atoms is called...

~ (a) n-type germanium; (b) unconducting material;
(c) p-type germanium.

Conduction of electric current through p- or n-type ger-
manium takes place...

(a) in one direction; (b) in either direction; (c) in
no direction.

The p—n junction is extensively used...

(a) in batteries; (b) in junction diodes and transis-
tors; (c) in resistors.

The battery connection that permits current to flow
across the p—n junction is known as...

(a) a reverse bias; (b) a grid bias; (c) a forward bias.
A transistor can function as...

(a) an amplifier; (b) a condenser; (c) a transformer.
The junction that is forward biased in a transistor is
always termed...

(a) a collector junction; (b) an emitter junction;
(c) a fused p—n junction.

The junction with a reverse bias in a transistor is called...

(a) an emitter junction; (b) a fused p—n junction;
(c) a collector junction.

The ratio of collector-to-emitter current is known as...

(a) current gain; (b) voltage gain; (c) power gain.
The performance of transistors may be determined from...

(a) characteristics of tubes; (b) characteristic curves
of their voltage and current relations; (c) vacuum diode
characteristic.



18. When the input voltage is increased the emitter current
increases...
(a) rapidly; (b) slowly; (c) slightly.
19. The emitter current is always...
(a) more than the collector current; (b) less than the
collector current; (c) equal to the collector current.
0. When transistors are operated as amplifiers it is possible
to have...
(a) two basic circuit connections; (b) one basic cir-
cuit connection; (c) three basic circuit connections.
21. Regardless of the circuit connection the collector is al-
ways biased in...
(a) a negative bias; (b) a forward direction; (c) a
reverse bias.
22. The emitter always has...
(a) a reverse bias; (b) a forward bias; (c) a negative
bias.
23. The most flexible and efficient of the three basic connec-
tions is...
(a) the common-base connection; (b) the common-
emitter circuit; (c) the common-collector connection.
24. The common-emitter connection produces...
: (a) high input resistance; (b) no phase reversal; (c) a
phase reversal.
25. The common-collector circuit is primarily used for...
(a) a signal amplifier; (b) impedance matching;
(c) rectifying of the output signal.

(See keys to the tests on pp. 149.)

~

Translate into Russian without a dictionary.

TEXT

1. Atoms within a pure germanium or silicon crystals
are strongly bound together by means -of electron-sharing
or covalent bonds in a diamond-like structure. Each ger-
manium atom completes its outer valence shell by combining
its four electrons in electron pairs with those of adjacent
germanium atoms. A pure germanium crystal is practically
an insulator.

2. When pure germanium is “doped” with atoms that
have five electrons in their outer shell, the impurity or do-

91



nor atoms make their excess electrons available as negative
charge carriers.

3. When pure germanium is “doped” with trivalent im-
purity, the impurity atoms or acceptors borrow electrons
from surrounding germanium atoms, leaving a deficiency of
electrons, or holes, in their place. The holes act like mobile,
positive charge carriers.

4. Germanium doped with pentavalent donor atoms is
called n-type germanium; current conduction takes place
through negative charge carriers, or electrons. Germanium
doped with trivalent acceptor atoms is called p-type germa-
nium; current conduction takes place through positive charge
carriers, or holes.

5. When a p—n junction is biased in the forward direc-
tion, by applying a positive potential to the p-region and
negative potential to the n-region, the holes and electrons
are repelled toward the junction area and overcome the po-
tential barrier there. Current conduction then takes place
by means of electron-hole combinations in the vicinity of
the junction.

6. With reverse bias applied to a p—n junction, holes
and electrons are attracted away from the junction area,
and current conduction stops except for a small reverse cur-
rent. If the reverse bias is made very high, the junction breaks
down, and a relatively large reverse current flows.

7. A junction triode transistor is a sandwich made up
of two p—n junctions, either in p—n—p form or n—p—n
form. The central region is called the base and the two outer
layers are called the emitter and collector, respectively.

8. The emitter junction of a fransistor is always biased
in a forward direction, while the collector junction is biased
in reverse direction. The collector current in a junction tran-
sistor is less than the emitter current by an amount proportio-
nal to the numbér of electron-hole combinations occurring
in the base area.

9. Current conduction in a p-n-p transistor takes place
by hole conduction from emitter to collector, while current
conduction in a n-p-n transistor is carried on by electrons
as majority charge carriers.

10. The ratio of collector-to-emitter current is known as
current gain or alpha and is always less than 1. Transistors
may be connected into either of three basic circuits. There
are: 1. common-base; 2. common-emitter; and 3. common-
collector.
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The common-base connection provides a very low input
resistance, a high output resistance, and a current gain of
less than 1. There is no phase reversal.

The common-emitter connection, the most flexible and
efficient of the three basic connections, reverses the phase
of the output signal with respect to the input. Its input re-
sistance is higher and its output resistance is lower than those
of the common-base connection, but it provides the highest
voltage and power gain.

The common-collector connection is the transistor that
is used primarily as a buffer and for impedance matching.
The connection provides a high input resistance, a low out-
put resistance and a voltage gain of less than 1.
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SECTION SEVEN
I

Pronunciation Drill 1

Practise the sound lawl:
fire, wire, require, desire, desirable, variety, amplifier

Pronunciation Drill 2

While reading these words pay attention to the stress markings:

@ e @ o o *e @ o
knowledge  magnitude resistor
other similar essential -
level frequency inductor

TEXT 17
AMPLIFIERS

1. We are finally ready to apply the knowledge we gained
in previous sections about electrons, vacuum tubes and tran-
sistors to some practical matters.! In the following sections
we shall consider a variety of circuits employing electron
tubes and transistors. Circuits are combinations of tubes or
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transistors with other components, such as resistors, capaci-
tors and inductors, and form the basic building blocks of
electronic systems: radio, automatic computer and so on.
To understand the systems, you must be familiar with the
circuits that make them up.

2. In this section we shall discuss amplifier circuits, or
more specifically, audio amplifiers. An amplifier is an elec-
tron tube or transistor circuit, which builds up an ac signal
applied to its input. It is called a voltage amplifier if the
magnitude of the output voltage from the amplifier is consid-
erably greater than that of the input voltage. As a matter-
of fact the ratio of the output voltage to the input voltage
is called the amplification or gain of the amplifier.

3. There-are also so-called power amplifiers. These are
similar to voltage amplifiers, except that their main purpose
is to supply -« considerable amount of power i. e. voltage
times current to the output or load circuit, although the ac
input signal may not draw any grid current and, hence, the
input power may be zero.

4. When a number of amplifiers are hooked up in series
so that the output of one serves as the input to the next am-
plifier stage, the function of the early stages is usually to
build up the voltage to a high level, while the last stage
builds up the power to a level sufficient to operate an output
device. Audio amplifiers amplify electrical ac signals that
have a frequency range corresponding to the range of human
hearing, or from about 20 to 15,000 cycles per second.

(to be continued)
1500

Commentary

1. to some practical matters — na npakruke

EXERCISES

I. Review questions:

1. What do often electronic systems involve? 2. What
is an amplifier? 3. What is a voltage amplifier? 4. What is
the amplification or gain of the amplifier? 5. What is the
main purpose of power amplifiers? 6. In what way are a num-
ber of amplifiers connected? 7. What do audio amplifiers
amplify?
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11. Make up an abstract of the text basing on the answers to
the above questions.

11}, Define to what parts of speech these words telong and
translate them:
user, usage, misuse, useful, useless, usefulness, useless-
ness, usefully, uselessly; various, variously, variable, varia-
tion, variety; converter, reconvert, conversion, conversely

IV. Translate these synonyms and memorize them:
magnitude (n), value, size, largeness, meaning
understand (v), realize

make up (v), constitute, form, build up
considerably (adv), very, greatly, substantially
calculate (v), compute

sufficient (adj), enough

purpose (n), goal, aim, objective

matter (n), affair, business

similar (adj), alike, the same as

as a matter of fact, in fact, in effect

LN O W =

P

V. Brush up these words and word combinations:
as a matter of fact, except that, finally, in turn, such
as, and so on, a number of, while, considerably, similar

IL

Pronunciation Drill 1

Practise the sound [&51]: -

vary, variable, compare, apparent, share, pair, ampere,
where, there, square, care, fairly, area, rare

Pronunciation Drill 2

While reading these words pay attention to-the stress markings:

" @ o e @ O oo
appear moment insertion introduce
distort under dynamics represent
avoid practice example overcome
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TEXT 18

AMPLIFIERS
(Continued)

1. The simple triode amplifier is illustrated in Fig. 17.
Let us see what happens under dynamic conditions when

LOAD
RESISTOR
iy

alll =IfIF
37 Lqa

Fig. 17. Basic triode amplifier circuit and notations

an actual ac signal voltage e, is applied to the input of the
amplifier. The plate current in a triode is determined by the
electrostatic field resulting from the combined action of the
grid and plate potentials.

2. Since the grid is placed closer to the cathode than the
plate, the grid voltage has a greater effect on the amount of
plate current than the plate voltage. Thus, if the grid vol-
tage is made more negative by a fixed number of volts, the
plate current is reduced far more than the same decrease in
plate voltage would produce.?

3. When a resistance load is placed in series with the
plate circuit, the voltage drop produced across this resist-
ance is a function of the plate current and, hence, is controlled
by the grid voltage. Thus, a tiny change in the grid vol-
tage can cause a large change in the plate current and in the
resulting voltage across the load resistance. In other words,
the signal voltage appearing at the grid is amplified in the
plate circuit of the tube.

4. Let an ac signal voltage be equal to 6 volts peak am-
plitude. It is introduced in the grid circuit in series with a
fixed bias voltage E. from 6-volt battery. To understand
the purpose of the bias voltage assume for a moment, that it
isn’t there, and the 6-volt signal voltage is applied to the
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grid alone. The voltage on the grid of the tube will then vary
between zero -+6 volts, and —6 volts, as the ac signal goes
through one cycle.

5. Whenever the input signal goes positive and hits its
+6 volt peak value, a grid current will flow out from the
grid of the tube. This grid current not only distorts the lin-
earity of the tube’s characteristic curves, thus leading to
distorted amplifications, but it also requires a certain amount
of power i.e. grid voltage times grid current, which it ex-
tracts from the input signal. If the input signal is too weak
to supply the power, further distortion takes place, with
undesirable results.

6. To avoid the distortion and consuming power in the
grid circuit it is essential, therefore, that no grid current
should flow during any portion of the ac input signal. This
then is the function of the bias voltage. The bias voltage in
a voltage ampiifier is always of sufficient magnitude and of
such polarity as to maintain the grid negative or at zero
volts during the positive peak of the ac input signal.

7. The total instantaneous voltage between grid and
cathode of the tube symbolized e, is equal to the algebraic
sum of the ac signal voltage and the dc grid bias. Thus,

ec = Egg —I— eg.

In our example, since Ege= — 6 volts and the signal voltage
eg varies between -6 and —6 volts, the total instantaneous
grid voltage e, will vary between 0 and —12 volts. Grid re-
sistor R, acts as a grid return® for the bias voltage of the
E,, battery.

8. In practice battery E , is not often used. The fixed -
grid bias obtained by the method known as sel-bias,® makes
use of the insertion of appropriate resistors in the cathode
circuit. Plate current flowing through the cathode resistor
will develop the necessary drop to bias.

2600

Commentary

1. than the same decrease in plate voltage would pro-
duce — yeM IPH TAKOM 2Ke YMeHbIIEHHH aHOJHOTO HaNpsIKeHHs

2. as a grid return — Kak ceTounnlfi OTBO,

3. as self-bias — kak aBTOMarHuecKoe cMelneHHe
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EXERCISES
I. Review questions:

1. What is the plate current in a triode determined by?
2. By what is the voltage drop determined across a load re-
sistor connected in series with the plate circuit? 3. Where
is the signal voltage amplified? 4. When does further distor-
tion with undesirable results take place? 5. What is essential
for avoiding the distortion? 6. What is the total instantaneous
voltage between grid and cathode of the tube equal to?
7. What method is the fixed grid bias obtained by?

IL. Make up an abstract of the text basing on the answers to
the above questions.

I11. Translate the international words without a dictionary:
to extract, to induce, to start, to pulsate

IV. Define what parts of speech these words are and translate
them:
distortion, distortionless; opposite, opposed, opposition;
discontinue, continuous, continuance, continually; expres-
sion, expressive, expressively; desirable, undesirable

V. Translate these synonyms and memorize them:
1. desire (v), want, wish

avoid (v), escape, avert, evade

total (adj), entire, complete, whole

should (v), must

assume (v), suppose

extract (v), draw out

vary (v), change, differ, alter

condition (n), circumstance

appropriate (adj), suitable, proper
10. since (conj), as, for

VI. Brush up these words and word combinations:

under any conditions, then, since, far more, thus, when-
ever, therefore, let us, though, close

PPN W

1.

Pronunciation Drill 1

Practise the sound [{n]:

application, operation, discussion, emission, situation,
conduction, junction, extension, conventional, connection,
sufficient, efficient, expression
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Pronunciation Drill 2

While reading these words pay attention to the stress markings:

o O o @ o 0 (Y XN

expression  negative identify

reversal maximum  additional

distortion  linear capacitor
TEXT 19

PLATE CIRCUIT OF THE AMPLIFIER

1. Let’s see now what happens in the plate circuit of the
tube, while the grid-to-cathode voltage goes through its
cycle from 0 to —12 volts. The plate current will continue
to flow as long as the ac signal voltage is not sufficiently
large to drive the tube to plate-current cut-off.

2. The bias, signal voltage and plate-supply voltage Eaq
in our example in Fig. 17 have been so chosen that the tube
does not reach plate-current cut-off, even for the most nega- =
tive value of the grid voltage. Plate current will, therefore,
flow at all times during the ac input signal cycle.! As a mat-
ter of fact, this is a necessary condition for all voltage ampli-
fiers to obtain linear, distortionless amplification.

3. With plate current /o flowing at all times, a voltage
drop is produced across load resistor R, in the plate circuit.
The voltage drop across this fixed load resistor depends on
the value of the plate current and the plate current, in turn,
is controlled by the grid voltage. -

4. Because of the amplifying action of the tube, a small
change in the signal or grid voltage produces a_large change
in the plate current and, hence, in the voltage across the load
resistor. By making the load resistance sufficiently high a
large voltage drop is produced across it, resulting in high
voltage amplification.

5. Amplification, or gain, is the ratio of the output volt-
age across the load to the input signal voltage. A large load
voltage and, hence, high amplification, may be obtained even
with quite small plate currents, since there is no theoretical
limit for the size of the load resistor.

6. Total plate current consists of two components, one
dc and one varying like the grid voltage e;. The dc compo-
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nent of the plate current, identified as /,, is the normat plate
current that flows with the plate voltage and bias applied,
but with the ac input signal voltage e, absent. The ac com-
ponent of the plate current identified as iz, on the other hand,
is the variation in the total plate current caused by the ac
input signal at the grid.

7. Note further that in Fig. 17 the bottom of the load re-
sistor is more regative than the top or battery-connected
end.® The load voltage, thus, is in opposition to the plate
supply voltage, and since it is connected in series with it,
subtracts from it. The greater the plate current, the greater
is the load voltage and, hence, the less plate supply voltage
is left over to reach the plate of the tube. The tofal instan-
taneous voltage on the plate identified by e, therefore, is
the difference between the plate-supply voltage, E.., and
the voltage across the load, er, , expressed mathematically,

total instantafieous plate voltage

ea=Egq—iaRy.

8. From the above expression it is clear, that the total
plate voltage at any instant becomes smaller as the plate
current becomes larger. Furthermore, since the plate current
increases directly, with the input signal voltage, the total
plate voltage decreases with increasing grid or signal volt-
age. Thus the plate voltage ¢, is a maximum when the grid
voltage e; is a minimum, and vice versa.

9. The grid and plate voltages, therefore, are in phase op-
position,® or equivalently, the tube is said to produce a 180-
degree phase reversal* of the plate voltage with respect to
the grid voltage. The output voltage from a single amplifier
stage may not be sufficient to be applied directly to an out-
put device.

10. Additional amplification over two or more stages is
usually necessary. To accomplish this the output voltage of
- each amplifier stage must be coupled in some way to the grid
of the succeeding amplifier tube.

11. Resistance or RC coupling is the most popular of all
coupling methods. In this case the ac component of the first
tubes output voltage is coupled to the grid of the following
stage through a coupling capacitor C. This capacitor pre-
vents the dc plate voltage of the first tube from the reaching
the grid of the second tube, and, thus overloading it.
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Commentary

1. during the ac input signal cycle — B Teuenue meprona
BXOJHOTO CHTHama

2. the bottom of the load 1esistor is more negative than
the top or battery-connected end — wuskuuii KoHew Harpy-
30YHOTO CONpPOTHBJEHHs (oJiee OTpULIATEALHBIH, YeM BepXHHH,
CBA3aHHBIA ¢ Oarapeeil KOHell

3. in phase opposition — B mnporuBodase

4. a 180-degree phase reversal — usaMmeneHue ¢(asbl Ha
180°

EXERCISES

I. Review questions:

1. What condition is necessary for all voltage amplifiers
to obtain linear, distortionless amplification? 2. What does
the amount of voltage amplification primarily depend on?
3. With what currents may high amplification be obtained?
4. What components does the plate current consist of?
5. What is the total instantaneous plate voltage? 6. When
does the plate voltage reach maximum? 7. What voltages
are in phase opposition? 8. How is additional amplification
accomplished?

II. Make up an abstract of the text basing on the answers to
the above questions.

HI1. Define the meanings of the suffixes and prefixes in the
following words and translate the words:
theoretician, theoretical, theoretically; leader, mislead,
leadership, leading; operator, operation, operative, oper-
atively; proportion, disproportion, proportionless, dispro-
portionless; length, lengthen; width, widen; stréngth, streng-
then; depth, deepen

IV. Translate these antonyms and memorize them:
remember (v), forget
subtract (v), add

output (n), input

last (adj), first

top (n), bottom

drop (n), rise

presence (n), absence
increase (v), lessen, reduce
total (adj), partial
difference (n), similarity

N

COPXNSOB LN

[y
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V. Brush up these word combinations:
as long as, in this case, vice versa, sufficiently, with
respect to, furthermore, on the one hand, on the other hand,

in some way, for

1V,

Pronunciation Drill 1

Practise the sound ft{sl:

picture, future, temperature, mixture, nature, structure,

manufacture, miniature,

saturation

Pronunciation Drill 2
While reading\these words pay attention to the stress markings:

@ o
latter
valve
absence

Qo o o @ o

diagram acceptance

typical pulsation

practical outstanding
TEXT 20

TRANSISTOR AMPLIFIER

1. In recent years transistor amplifiers have gained wide
acceptance in all branches of electronics. The outstanding
advantage of these circuits is that no heater voltage supply

Fig. 18. Transistor com-
mon-emitter amplifier
stage
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is required and that a small, low-
current dc source takes care of all
transistor current needs, thus mak-
ing battery operation quite eco-
nomical. There are three types of
semiconductor amplifiers, namely:
common-base, common-collector and
common-emitter  amplifiers. Of
these the latter is the most pop-
ular. _

2. The current in Fig. 18 illus-
trates a typical stage of the common-
emitter connection transistor am-
plifier.? In this diagram resistors
Rp;, Rz and R, provide the required
bias to the collector and base.



Resistor R, is employed to reduce the variation of the col-
lector current with temperature. Capacitor C. is coupling
capacitor between stages, and capacitor C, serves to bypass
resistor R,. Without C, in the circuit, the presence of R,
would result in a reduced amplification.

3. Consider the operation of such an amplifier. First, let
us suppose that there is no input signal. Direct current Iy,
is flowing in the base circuit, while direct current /., is in
the collector. The collector voltage E,, is of a constant mag-
nitude. The alternating input voltage appearing, its variable
component induces pulsations of the base current. The chang-
ing base current in its turn makes the collector current pul-
sate. This induces corresponding pulsations of the collector
voltage, which come to the circuit output via capacitor C..

4. In case a low-voltage transistor is used in the circuit,

“the alternating base current will be in the order of scores of
microamperes, while the alternating collector current will be
in the order of milliamperes. Thus a low input current con-
trols a high output current, amplifying the input signal.

5. Thus, in the absence of the input signal the transistor -
base and collector carry direct currents, their value being
determined by the resistance offered by the circuits. Once
the input signal is applied, the base current starts to change
in the wake of? the input signal, producing corresponding
changes in the collector voltage and current.

2200

Commentary

1. of the common-emitter connection tramsistor ampli-
fier — TpaH3HCTOPHOrO yCHJHTeNsl, COOPaHHOIO IO CXeMe C
o0iMM SMHTTEPOM . -

2. in the wake of — Bcliex 3a, HENOCPEACTBEHHO 3a

EXERCISES

I. Review questions: ‘
1. What advantages have transistor amplifiers? 2. What
are the three types of semi-conductor amplifiers? 3. Which
one is the most popular? 4. What is the output and input
signal of the transistor amplifier? '

II. Make up an abstract of the text basing on the answers to -
the above questions.
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I1I. Define to what parts of speech the following words be-
long and translate them:
consumer, consumption; reliable, reliability; universal,
universally; pulsate, pulsation; resistor, resistable, irresist-
ible; disorder, disorderly; uncommon, commonly; needless,
needful, needy; economize, economization, economist, eco-
nomic, economically; corresponding, correspondence

IV. Translate these synonyms and memorize them:
outstanding (adj), prominent, well-known
recent (adj), last

induce (v), bring about, produce, cause
suppose (v), think, assume

consume (v), use

offer (v), propose, give

need (n), requirement, want, necessity
power~(n), energy

recognition (n), acceptance, acknowledgement
10. attain (v), reach, achieve, get, obtain, acquire

PRNP O N~

V. Translate these words and word combinations and learn
them:
namely, the former, the latter, first, in its turn, via, once,
in case, without, recent

Test 1

Find the correct answer out of the three given to each question:
1. Which of the devices builds up an ac signal applied to its
input:
an amplifier, a rectifier, an oscillator
How do' the input signal and output signal depend on
each other: ]
in phase, out of phase, in phase of 90°
3. Which of the following is amplified in the plate circuit
of the tube:
a bias voltage, a grid cut-off voltage, a signal voltage
4. Which of the following may be obtained with quite small
plate currents:
high amplification, low amplification, distortion
5. Which of the following devices has gained wide accept-
ance in all branches of electronics in recent years:
a transistor amplifier, a gas-filled tube amplifier, a tube
amplifier
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Test 2

. Find Russian equivalents for the English words and word
combinations (see p. 149):

1. finally (a) Kak Hampumep
2. such as (b) psan, HECKOJBLKO
3. as a matter of fact (c) moouepexnno
4. a number of - (d) monoG6HBIH
5. similar (e) 3a HCKJIIOYEHHEM TOrO, YTO
6. in turn (f) sHaumTesBHO
7. except that (g) dakTHyecku
8. and so on (h) B To Bpems Kak
9. considerably (i) ur I
10. while (j) Hakomer
1. Find Russian equivalents for the English words and word
combinations (see p. 149):
1. close (adj) (a) xors
2. therefore (b) Tak Kak; C Tex Iop, Kak; C
3. though (¢) 6nuskuit
4. since (d) npu MOGBIX YCIAOBHAX
5. under any condi- (e) 3artem
tions
6. let us (f) 3HauuTenbHO GOJblIE
7. then (g) TakuM o6paszom
8. thus (h) BcaAkMA pas koraa
9. whenever (i) naBaiite
10. far more (j) mostomy

111. Find Russian -equivalents for the Englzsh words and
word combinations (see p. 149):

1. as long as (a) B sTOM cayuae

2. in this case (b) HaoGopor

3. vice versa (c) kpome TOTrO

4. with respect to (d) noka

5. furthermore (e) ¢ npyroii CTOpOHS

6. on the one hand (f) 3a; nasa; B TeueHHe; TaK Kak
7. on the other hand (g) nocrarouno .

8. in some way (h) kakuM-HHGYZAB 0Opasom

9. for (i) c onHo# CTOPOHBL

10. sufficiently (j) orHOCHTENBHO

IV. Find Russian equivalents for the English words and word
combinations (see p. 149):
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1. namely (a) nepBbifi U3 YNOMSHYTHIX BHILIE
2. the former (b) B cBOIO oOuepenn
3. the latter (c) a umenHno
4. in its turn (d) HemaBHMI, HOBHI
5. recent (e) 6e3
6. once (f) uepes
7. without (g) B ciyuae ecu
8. in case (h) cnauana
9. via : (i) onHaxmb
10. first ) (j) mocnenHuft H3 YNOMSAHYTHIX BbIILE
V. Maich these synonyms (see pp. 149):
1. acceptance (a) energy
2. offer (b) want
3. power _ . : (c) real
4. need (n) (d) enough
5. attain . (e) recognition
6. actual (f) the same as
7. sufficient (g) business
8. calculate (h) compute
9. similar (i) achieve
10. matter (j) propose
V1. Match these antonyms (see p. 149):
1. remember (a) add
2. output (b) bottom
3. first (c) rise
4. top (d) reduce
5. subtract (e) partial
6. drop (n) (f) forget
7. presence (@) similarity
8. increase (h) last
9. total (i) absence
10. difference (j) input
Test 3

Find a synonym (a), (b), (c) or (d) to the word or word com-

bination in bold type:

1. The main purpose — (a) problem; (b) question;
(c) goal; (d) point

2. To avoid using this device — (a) evade; (b) stop;
(c) continue; (d) begin

3. Since this value is equal to — (a) hence; (b) as; (c) in
this case; (d) when
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4. To understand the question — (a) realize; (b) answer;
(c) put; (d) ask '

5. To be greatly extended — (a) slowly; (b) rapidly;
(c) considerably; (d) really

6. To make up a circuit — (a) close; (b) form; (c) break;
(d) disconnect

7. A recent report — (a) last; (b) new; (c) old; (d) good

8. To change the frequency range — (a) shorten; (b) length-
en; (c¢) limit; (d) vary _

9. To calculate the losses — (a) increase; (b) reduce;
(c) compute; (d) utilize

10. The same conditions — (a) values; (b) positions;
(¢) circumstances; (d) places

11. As a matter of fact this value is — (a) in case;
(b) on the other hand; (c) therefore; (d) in fact \

12. This value should be determined — (a) can; (b) must;
(¢) may; (d) will .

13. The magnitude of the current — (a) flow; (b) value;
(c) output; (d) input

14. The entire voltage — (a) low; (b) any; (c) total;
(d) amplified

15. A suitable material — (a) proper; (b) useful; (c) nec-
essary; (d) good :

16. Similar questions — (a) different; (b) easy; (c) diifi-
cult; (d) the same

17. Let us assume that — (a) suppose; (b) say; (c) see;
(d) find

18. A strong desire — (a) will; (b) belief; (c) impression;
(d) wish

19. The outstanding fact — (a) prominent; (b) real;
(c) unknown; (d) same

20. The power was consumed — (a) induced; (b) used;
(c) transferred; (d) transmitted

Test 4

Finish each sentence choosing one of the three variants (a),
(b) or (c) tased on the texts from Section VII:
1. Combinations of tubes with resistors; capacitors and in-
ductors make... '
(a) circuits; (b) triodes; (c) diodes.
2. Electronic systems are formed of...
(a) instruments; (b) insulators; (c) circuits.
3. The essential element of an amplifier is...
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10.

il.

12.

13.

108

(a) an electron tube or a transistor; (b) a convertor
of an alternating current into a direct current; (c) a re-
sistor and a condensor connected in series.

. An ac signal amplifier amplifies...

(a) an ac signal applied to its input; (b) a dc signal
applied to its input; (c) an ac signal applied to its output.
An amplifier is called a voltage amplifier if the magni-
tude of the output voltage from it is...

(a) considerably lower than that of the input voltage;
(b) considerably greater than that of the input voltage;
(c) exactly the same as the input voltage.

The ratio of the output voltage to the input voltage is
called...

(a) the distortion of the input signal; (b) the ampli-
fication or gain of the amplifier; (c) the dumping of the
output signal.

Audio amplifiers amplify...

(a) vidio signals; (b) electrical dc signals; (c) elec-
trical ac signals.

Audio signals have a frequency range from...

(a) 0 to 15 cycles per second; (b) about 20 to 15,000
cycles per second; (c) 20,000 to 40,000 cycles per second.
The signal voltage appearing at the grid is amplified in...

(a) the filament circuit of the tube; (b) the source of
the plate voltage; (c) the plate circuit of the tube.

To avoid the distortion and consuming power in the grid

.circuit it is essential that...

(a) no grid current should flow during any portion
of the ac input signal; (b) the grid current should be high
during any portion of the ac output signal; (c) the grid
current should flow during the positive portion of the
ac input signal.

The total instantaneous voltage between the grid and the
cathode of the tube is equal to...

(a) the algebraic sum of the ac signal voltage and the
dc grid bias; (b) the algebraic difference of the ac signal
voltage and the dc grid bias; (c) the input signal.

The plate current flowing through the cathode resistor
will develop...

(a) the necessary increase of the plate voltage; (b) the
necessary drop to bias; (c) the sharp changing of heating
voltage.

The total plate voltage becomes...
(a) smaller as the plate current becomes larger;



(b) smaller as the plate current becomes smaller; (c) the
same when the plate current becomes larger.
14. The plate voltage is...

(a) a minimum when the grid voltage is a minimum;
(b) a maximum when the grid voltage is a minimum;
(c) a maximum when the grid voltage is also a maximum.

15. In recent years transistor amplifiers...

(a) came out of use; (b) were not known; (c) have

gained wide acceptance.
16. There are...

(a) three types of semiconductor amplifiers; (b) two
types of semiconductor amplifiers; (c) four types of
semiconductor amplifiers.

17. The most popular semiconductor amplifier is...

(a) common-base; (b) common-emitter; (c) common-
collector.

18. The outstanding advantages of the transistor amplifiers
are...

(a) high reliability and low power consumption;
(b) high reliability and high power consumption; (c) the
requirement of high heating voltage.

19. Both in the tube and transistor amplifiers the input signal
and the output signal are...

(a) 90 degrees out of phase; (b) 180 degrees out of
phase; (c) in phase.

20. The plate current is...

(a) in phase with the input signal; (b) out of phase
with the output signal; (c) 180 degrees out of phase with
the output signal.

(See keys to the tests on p. 149) -~

Translate into Russian using a dictionary

* FEEDBACK AMPLIFIERS

1. Feedback means transferring a portion of the energy
from the output of amplifier back to its input. It has been
found eminently useful in reducing distortion caused within
amplifiers and making amplifier operation more stable in
respect to variations in gain due to line-voltage changes,
tube differences, ageing, etc.

2. There are two basic types of feedback: regenerative or
positive feedback and negative feedback. When the feedback
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energy is in phase with the applied signal, regenerative or
positive feedback takes place. Negative feedback is the term
used, when the feedback signal is out of phase with the ap-
plied signal.

3. Regenerative feedback increases the gain of an ampli-
fier. In contrast, negative feedback decreases the gain, as well
as the distortion of an amplifier, and for the latter reason,
we shall be primarily interested in negative feedback. The
gain of the amplifier in the presence of negative feedback:

A

where A is the gain of the amplifier without feedback, B is
the feedback fraction.

4. When the feedback factor BA is made large compared
to 1, the previous expression becomes

1
K=—3

The gain of the amplifier in this case is quite small, but
depends only on the feedback fraction p and is thus substan-
tially independent of the actual gain A of the amplifier.

5. As aresult, the gain of an amplifier with large negative
feedback is extremely stable and is practically independent
of fluctuations in the supply voltage and ageing of tubes.
Moreover, since the gain depends only on the feedback frac-
tion B, the variation in gain with frequency or the frequency
response is entirely controlled by the nature of .

6. If the feedback fraction is obtained through a resistive
network, the feedback, and hence the gain, does not vary
with frequency. The frequency response of an amplifier may
thus be considerably improved by using large amounts of
negative feedback.

7. Hum, noise and distortion introduced within an am-
plifier are reduced with negative feedback by the same fac-
tor 14+BA as the gain. Since the loss in gain can always be
compensated for by increasing the amplitude of the input
signal, the net effect of negative feedback is a reduction in
distortion, noise and hum.

2000
(See the Russian translation of this text on pp. 151.)
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Texts for Additional Reading
(Sections VIII—X) |

SECTION EIGHT
ELECTRON TUBE OSCILLATORS

1. An oscillator is an energy converter which changes di-
rect-current energy into alternating-current energy. Because
of their ability to amplify, electron tubes and transistors are
very efficient energy converters, and are for this reason uni-
versally used as electrical oscillators.

2. If the damped oscillations occurring in a resonant cir-
cuit containing inductance and capacitance are applied to
the input of an amplifier, the output current varies in accord-
ance with the input signal, resulting in an amplified repro-
duction of the oscillations. Recause of this amplification,
more energy is available in the output circuit than in the in-

put circuit.

: 3. If part of this output energy could be fed back by some
means to the input circuit in the proper phase to aid the os-
cillations of the resonant L — C circuit, its losses would
be overcome and sustained, undamped oscillations would
take place. This is in fact accomplished by a regenerative
feedback circuit, which permits the combination of ampli-
fier and resonant L — C circuit to function as a continuous
self-sustaining oscillator. Now we consider in details the
work of the electron tube oscillator circuit.

4. To produce electrical oscillations with an electron
tube the following elements must be present: (1) An oscil-
latory or resonant circuit, containing inductance L and ca-
pacitance C to determine the frequency of oscillation. Such
a circuit is called a tank circuit. (2) A source of dc energy to
replenish losses in the tank circuit. (3) A feedback circuit
for supplying energy from the source in the right phase to
aid the oscillations, i.e. regenerative feedback.
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5. An electron tube can function as an oscillator, if it
has sufficient amplification and if a sufficient amount of
energy is fed back to the tank to overcome all circuit losses.
If the losses in the plate and the tank circuit are completely
overcome, the effective circuit resistance is zero, and oscil-
lations take place.

1600

TICKLER FEEDBACK CIRCUIT

1. One of the earliest electron tube oscillator circuits is
the so-called tickler feedback oscillator. In Fig. 19, the os-
cillatory tank circuit is
made up of LI, and CI,
the source of dc energy
is the plate supply volt-
age, Egn and the feed-
back circuit consist of
the “tickler” coil L, which
is coupled to LI1.

2. Capacitor Cl is
made variable to adjust
the frequency of the
oscillations. The bypass
capacitor C2 is placed

Fig. 19. Tickler feedback oscillator ~ across the battery to
circuit provide a low-reactance

path for the alternating

component of the plate current. The combination of R
and Cin the grid circuit is called the grid leak, and its func-
tion is to furnish a self-adjusting negative bias to the tube.?

3. Once oscillations have been started in the tank circuit
L1 — C1, they will appear in amplified form in the plate
circuit of the tube. Part of the energy is fed back from tick-
ler coil L to tank coil L1 by mutual induction, thus over-
coming losses and sustaining the oscillations.

4. The tube itself introduces a phase shift of 180° between
grid and plate circuit. The combination of L and L1 consti-
tutes a transformer, and consequently, another phase shift
of 180° takes place between the plate and grid circuit. As
a result, the voltage feedback is in phase with the voltage
in the grid circuit, and regenerative or positive feedback
takes place.

5. The moment when the key is closed, plate current be-
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gins to flow through the tube and through the external cir-
cuit, consisting of the tickler coil L and the battery. This
current sets up an expanding magnetic field around the tick-
ler coil L and so induces a voltage in the tank coil L1.

6. Assume that the initial induced voltage is positive so
that the upper end of the L1 — CI tank circuit is of positive
polarity. This positive voltage charges the capacitor Cl and
places a positive charge on the grid of the tube which is con-
nected to the upper end of L1 — Cl1.

7. Since the grid has initially no bias, this positive charge
increases the plate current and thus further builds up the
magnetic field around the tickler coil L. As a result, a still
larger positive voltage is induced in L1 and placed on the
grid, and Cl1 is further charged. .

8. Again the plate current keeps rising and the field of
L expands, placing a still greater positive voltage on Cl and
the grid. Theoretically, this process continues until the plate
current reaches its saturation point and tapers off. At that
instant the field about coil L stops expanding and becomes static.

9. As the magnetic field about coil L stops expanding,
the voltage induced in L1 begins to drop and finally reaches
zero. Now, however, capacitor Cl, which has been charged
to the maximum positive voltage begins to discharge in the
opposite direction, making the upper portion of L1 — Cl
negative.

10. As the potential on the upper end of L1 — Cl1 is re-
duced from its positive value to zero and then becomes nega-
tive, the voltage on the grid is equally reduced, thus lower-
ing the plate current. As the plate current decreases, the field
about L starts contracting and induces a negative voltage
in L1. This leads to a further discharge of capacitor C1 and
a still greater negative grid voltage. ’

11. As the negative charge on the grid increases, the plate
current drops more and more, until finally it is cut off. At
this instant the field about L is completely collapsed, the
voltage induced in L1 disappears, and the grid voltage rises
to zero. Since the grid is now less negative than the value
it had at cut-off, the plate current increases again, and entire
cycle is repeated. '

12. The grid-leak resistor R and grid capacitor C in Fig. 19
furnish the negative bias required for the tube’s operation.
Capacitor C is large enough to provide a low-resistance path
to the grid for the excitation signal, and thus bypasses the
high-resistance grid leak R.
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13. In operation the grid is driven positive during hali-
cycles of the oscillations and, therefore, draws grid current.
The electron current flows from the cathode to the grid and
then through the external circuit consisting of L1 and R,
thus developing a voltage drop across R. The end of R con-
nected to the grid is made more negative than the other end,
and the grid is then biased negatively by an amount equal
to the voltage drop across R.

14. The voltage present across R during grid-current flow
charges capacitor C. If R and C aresufficiently large, the charge
on C will leak off only very slowly during negative hali-
cycles, when no grid-current flows. Hence, for all practical
purposes, the voltage across C remains constant throughout
a complete cycle, and maintains a steady bias on the tube.

4000
Commentary

1. to furnish a self-adjusting negative bias to the tube —
€O3/1aTh aBTOMAaTHYeCKOe OTPHHATENbHOE CMelleHHe NS JaM-
OR

Test

Finish each sentence choosing one of the three variants (a), (b)
or (c) based on the texts from Section VIII:
1. An oscillator acts as...

(a) an energy converter; (b) a rectifier; (c) an ampli-
fier.

2. An oscillator changes...

(a) alternating current energy into direct-current ener-
gy; (b) direct-current energy into alternating-current
energy; (c) low frequency into high frequency.

3. An oscillator always involves...

(a) a negative feedback circuit; (b) a rectifying circuit
of ac output signal; (c) a positive feedback circuit.

4. 1If the damped oscillations occurring in a resonant cir-
cuit are applied to the input of an amplifier...

(a) the output current varies in accordance with the
input signal; (b) the output current does not vary; (c) the
input current is not reduced.

5. An oscillatory tank circuit, a source of dc energy and a
feedback circuit are essential parts of...
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10.

il.

12.

13.

14.

15.

16.

17.

(a) a triode oscillator; (b) a mechanical oscillator;
(c) an audio amplifier.

. Oscillatory tank circuits which contain inductance and

capacitance...
(a) determine the frequency of oscillators; (b) re-
plenish losses; (c) are sources of energy.

. A source of dc energy...

(a) determines the frequency of oscillations; (b) re-
plenishes losses; (c) consumes dc energy.

. A feedback circuit...

(a) replenishes losses; (b) determines frequency;
(c) aids oscillations.
An electron tube can function as an oscillator...

(a) if it has sufficient amplification and if a sufficient
amount of energy is fed back to the tank; (b) if the am-
plification is low; (c) if the amount of energy fed back
is insufficient to overcome the circuit losses.

If the losses in the plate and the tank circuit are complete-
ly overcome...

(a) oscillations don’t take place; (b) damped oscilla-
tions take place; (c) undamped oscillations take place.
One of the earliest electron tube oscillator circuits is...

(a) a tickler feedback oscillator; (b) a gas filled tube
oscillator; (c) a transistor oscillator.

Capacitor Cl is made variable...

(a) to damp oscillations; (b) to cease oscillations;
(c) to adjust the frequency of the oscillations.

The bypass capacitor is placed across the battery...

(a) to provide a low-reactance path for the alternat-
ing component of the plate current; (b) to change the fire-
quency of the oscillations; (c) to increase’ the amplitude
of the oscillations.

The combination of R and C in the grid circuit is called...

(a) the feedback; (b) the grid leak; (c) the rectifier.
The function of the grid leak is...

(a) to rectify the plate current; (b) to adjust the plate
voltage; (c) to furnish a seli-adjusting bias.
Regenerative or positive feedback -takes place when...

(a) the voltage feedback is in phase with the voltage
in the grid circuit; (b) the voltage feedback is not in phase
with the voltage in the grid circuit; (c) the voltage is
not fed back.

The plate current flowing through the tube and through
the external circuit...
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(a) sets up an electrostatic field; (b) reduces the re-
sistance of the plate tank; (c) sets up an expanding mag-
netic field around the coil L.

18. As the magnetic field about coil L stops expanding, the
voltage induced in L1...

(a) does not drop; (b) begins to drop; (c) does not
reach zero instantly.

19. As the plate current decreases, the field about L...

(a) starts contracting and induces a negative voltage
in L1; (b) does not induce any voltage in L1; (c) induces
positive charges on Cl1.

20. As the negative charge on the grid increases, the plate
current...

(a) drops until it is cut off; (b) does not drop to zero;
(¢) is not cut off.

“(See keys to the text on p. 149.)

L. Make up a plan on the texts from Section VIII.

Il. Write an account of basic principles of operating oscilla-
tors.

SECTION NINE

RECTIFIERS

1. Most power sources supply alternating current because
it is easily generated and transmitted over long lines. Elec-
tron tubes, on the other hand, require direct current supply
for all their electrodes, except the filaments, which may be
heated either by ac or dc. The most convenient way to change
alternating to direct current is by means of a rectifier.

2. A rectifier is capable of changing alternating current
into a pulsating form of direct current: to obtain smooth
dc power additional filter circuits are required. A complete
power supply also contains a voltage divider for providing
de at various desired electrode potentials and sometimes a
voltage regulator to keep the dc output voltage at a rela-
tively constant value.

3. Rectifiers change ac into pulsating dc by eliminating
the negative half-cycles or alternations of the ac voltage.
Thus, only a series of sinewave pulsations of positive polar-
ity remains. An ideal rectifier may be thought of as a switch
that closes a load circuit whenever the alternating current
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is positive, and opens the circuit whenever the alternating
current is of negative polarity.

4. Such a switch would have in effect zero resistance when
the circuit is closed during positive ac half-cycles, and infi-
nite resistance for the time when the circuit is open during
negative half-cycles. Practical rectifiers do not attain this
goal, but come close to it. The resistance during the non-
conducting interval called forward resistance is never zero
or even constant.

5. In any case, all rectifiers must provide a substantially
one-way path for electric current; that is, conduction must
take place primarily in one direction only. This is called
unilateral conduction, or a unidirectional characteristic. You
will remember that diode tubes have such a unidirectional
characteristic.

6. A diode is any electronic device consisting of two ele-
ments, one being an electron emitter or cathode, the other an
electron collector or anode. Since electrons in a diode can
flow in one direction only, from emitter to collector (or cath-
ode to plate), the diode provides the unilateral conduction
necessary for rectification.

7. Diodes come in many forms. They may be electron tubes
of the vacuum type, crystals or semiconductors made of ger-
manium or silicon. The last ones have the additional advan-
tage that no filament supply is required, since no filaments
are present. The lattfer is
one of the main reasons
that selenium rectifiers

and crystal diodes have

become increasingly popu-

lar in television and radio A-C .. LOAD

receivers. INPUT RESISTOR
8. Since a diode will R

permit current to flow

only during the positive
half-cycle of the applied Iq
ac voltage, a single diode
is known as a half-wave
rectifier. A half-wave rec-

tifier circuit with its out- I*—O/VE—..J
put waveforms is shown CYCLE OF
in Fig. 20. SUPPLY

9. The ac supply volt- Fig. 20. Half-wave rectifier and out-
age is applied through a put waveform
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power transformer in series with the diode tube and load resist-
ance, R.. Plate current /4 flows through the tube every other
half-cycle, during positive alternations of the input voltage; it
is blocked during the negative half-cycles. The current con-
sequently flows through the load always in the same direc-
tion so as to make the cathode-connected end of R positive.

10. Although unidirectional, the current is not direct be-
cause of its continuous changes in amplitude, or pulsations.
It can be shown mathematically that these pulsations con-
tain both a dc component and an alternating component,
known as ripple. The current can be converted into a steady
dc by filtering out the ac ripple with a suitable smoothing
filter, as we shall see later on.

11. It is evident from Fig. 20 that during the time the
plate current flows, its instantaneous amplitude follows exact-
ly the changes in the applied voltage. The shape of the plate-
current waveferm as illustrated in Fig. 20 therefore, is an
exact replica on the ac input voltage waveform during posi-
tive hali-cycles.

12. The plate current flowing through the load resistance
develops a dc output voltage, whose waveform is exactly
the same as that of the plate current and is also represented
by Fig. 20. But since only the positive half-cycles of the
input voltage are reproduced, one-half of the input voltage
is in effect lost.

13. The efficiency of the half-wave rectifier is therefore
low and is used only for applications requiring a small cur-
rent drain. Another disadvantage of the half-wave rectifier
is that the pulsations of the output current and voltage are
at the same frequency as the ac power line. Elaborate filter
circuits are required to eliminate this low-frequency ripple
(usually 50 cycles) and produce smooth direct current.

4000
FULL-WAVE RECTIFIERS

1. By employing two diode half-wave rectifiers in a so-
called full-wave rectifier circuit, plate current can be made
to flow during the full cycle of the ac supply voltage. As evi-
dent from Fig. 21, the two diodes alternately supply recti-
fied current to the load during both halves of the ac input
voltage, and always in the same direction.

2. Note in Fig. 21 that the cathodes of the two rectifier
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tubes are tied together and
the common point is con-
nected to one side of the
load resistor, R.. The other
end of Ry is connected to , .
the center tap of the second- INPUT =
ary winding of the power e
transformer. - Iaz

3. Since each tube is
connected between one end
of the transformer winding D2
and the centre tap, only 1,
one-half of the transformer
secondary voltage appears
between the plate and cath-
ode of each diode. This s
means that the transformer cycfévf o0F
secondary winding must SUPPLY
supply a total voltage that
is twice the value of the Fig. 21. Full-wave rectifier and_out-
plate voltage required for put waveform
each tube. To provide
sufficient plate and output voltage, therefore, the trans-
former usually has a considerable step-up ratio between the
primary and secondary winding.

4. When an ac voltage is applied to the primary winding
of the transformer, a voltage of the same shape, but enlarged
in amplitude by the step-up ratio, appears across the second-
ary winding, as illustrated in Fig. 21 This secondary vol-
tage is split in half, one-half appearing across diode 1 in se-
ries with the load R;, the other half appearing-across diode
2 in series with the load.

5. Assume that the polarities are such that the top of the
transformer secondary winding is initially positive during
the first half-cycle of the ac input voltage. The plate of diode
1, therefore, is positive with respect to the cathode, and a
plate current /41, flows from the plate to the cathode of diode
1 through the top-half of the transformer secondary and
through the load Ry. :

6. The direction of this current, indicated by the solid
arrows in Fig. 21, is such as to make the cathode-end of the
load positive. The current /, develops a voltage across the
load, which reproduces the first half-cycle of the ac input
voltage. During this first ac half-cycle the bottom of the trans-
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former secondary winding is negative with respect to the
centre tap and, hence, the plate of diode 2 is negative. No
plate current can flow through diode 2.

7. During the second half-cycle of the ac input voltage
the polarities reverse, making the top of the transformer
secondary winding negative with respect to the centre tap.
Hence, the plate of diode 1 is negative in respect to its
cathode and no plate current flows.

8. During this same half-cycle, however, the bottom of
the secondary winding is positive and thus the plate of diode
2 is positive with respect to its cathode. Consequently, a
plate current /4 flows from the plate to the cathode of diode
2, through the bottom half of the transformer secondary and
through the load, R;:.

9. As indicated by the solid arrows, the current flows
through the load in the same direction as the previous half-
cycle so thaf rectification is obtained. The current /s flow-
ing across the load develops an output voltage, which repro-
duces the second half-cycle of the ac input voltage. Thus,
two positive half-cycles appear across the load during one
ac cycle of the supply voltage, as is illustrated by the output
waveform in Fig. 21.

10. During successive half-cycles of the ac input voltage,
diodes 1 and 2 will continue to conduct alternately, each per-
mitting current to flow during one half-cycle whenever its
plate is positive with respect to the cathode. The resulting
output current is a series of unidirectional pulses, as shown
in Fig. 21. Since there are two output pulses for each com-
plete cycle of the ac input voltage, the output frequency is
twice that of the ac supply frequency.

11. With the ripple frequency being twice the ac supply
frequency and the current much less discontinuous than that
of the half-wave rectifier, the pulsations are easily smoothed
out by a suitable filter circuit. Furthermore, inasmuch as
both halves of the ac input cycle are rectified, the efficiency
of the full-wave rectifier is far better than that of the hali-
wave type. In either of the two considered rectifier circuits,
;the vacuumn diodes may be replaced by semiconductor recti-
iers.

3800
FULL-WAVE BRIDGE RECTIFIERS

1. The need for a centre-tapped power transformer is elim-
inated by the bridge rectifier circuit, in which four diodes
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ate used. The ac input to the bridge circuit is applied to diag-
onally opposite corners of the network, while the output to
the load is taken from the remaining two corners. The cir-
cuit is a full-wave type because both halves of the ac input
cycle are utilized.

2. Assume as before that the top of the transformer second-
ary winding is initially positive during the first half-cycle
of the ac supply voltage. You may consider the transformer
secondary voltage during this half-cycle to be applied across
a series circuit, consisting of diode 1, the load resistor, and
diode 2.

3. Since the plate of diode 1 is at maximum potential
and the plate of diode 2 at maximum positive potential, an
electric current flows through diode 1, the load resistor,
diode 2, and the transformer secondary, in the direction in-
dicated by the solid arrows.

4. During this first half-cycle the plates of diodes 3 and
4 are more negative than their cathodes and, hence, these
diodes do not conduct. This is indicated by the positive
half-cycles for diodes 3 and 4, in Fig. 22. Thus, the first
half-cycle is reproduced by the conducting diodes 1 and 2
and across the load resistor, as illustrated by the solid wave-
forms in Fig. 22.

+

woap L
RESISTOR
- R

]«V‘m——l

CYCLE- OF
SUPPLY

Fig. 22. Full-wave bridge rectifier circuit

5. One half-cycle later the top of the transiormer second-
ary is negative and the bottom is positive, so that diodes
1 and 2 cannot conduct. This is indicated by the negative
half-cycles for diodes 1 and 2. The plates of diodes 3 and
4 are now positive, however, with respect to their cathodes
and an electric current flows through diode 3, and load resis-
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tor, diode 4, and the transformer secondary, in the directiont
indicated by the arrows.

6. Thus, the second half-cycle of the ac supply voltage is
reproduced by conducting diodes 3 and 4 and also across the
oad resistor, as shown by the solid waveforms in Fig. 22.
Note that the current pulses flow through the load resistor
in the same direction during both -ac half cycles, each pulse
flowing from the plate junction of diodes 1 and 3 through
the load resistor to the cathode junction of diodes 2 and 4.

7. This makes the plate-end of the load resistor negative
and the cathode-end positive, since electrons flow from minus
to plus. The current pulses are, therefore, unidirectional and
their ripple frequency is twice that of the ac supply frequency,
just as for the conventional full-wave rectifier.

8. One_advantage of the bridge rectifier over the conven-
tional full-wave rectifier is that the bridge circuit produces
a voltage oufput nearly twice that of the conventional cir-
cuit for a given power transformer This is so because in the
bridge circuit the full voltage of the transformer secondary
winding is applied across two conducting diodes during each
half-cycle, in contrast to the circuit of Fig. 21 where the sec-
ondary voltage is split in two.

9. The bridge circuit, however, has the disadvantage of
requiring four devices which makes for uneconomical opera-
tion. The described circuit may be built up by using vacuum
tubes.

2600

Test

Finish each sentence choosing one of the three variants (a), (b)
or (c) based on the texts from Section IX.
1. Most power sources supply... :
(a) direct current; (b) alternating current; (c) pulsat-
ing current. ]
2. Electron tubes for their electrodes except the filaments
require...
(a) alternating current supply; (b) varying voltage;
(¢) direct current supply. .
3. The most convenient way to change alternating current
to direct current is by means of...
(a) an oscillator; (b) a rectifier; (c) a transformer.
4. The main elements in all dc power supplies are...
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10.
11,

12.

13.

14.

(a) rectifiers and filters; (b) batteries; (c) feedback
circuits.

Rectifiers change ac into pulsating dc by...

(a) amplifying the negative half-cycles of ac voltage;
(b) generating dc current; (c) eliminating the negative
half-cycle of the ac voItage ‘
An ideal rectifier acts like a switch that...

(a) closes a load circuit during the negative ac hali-
cycles and opens the circuit during the positive ac half-
cycles; (b) closes a load circuit during the positive ac half-
cycles and opens the circuit during the negative ac hali-
cycles; (c) closes a load circuit during the negative and
positive ac half-cycles.

. All rectifiers must provide...

(a) a one-way path for electrical current; (b) a two-
way path for electrical current; (c) a three-way path
for electrical current.

. Diodes provide...

(a) a unilateral conduction; (b) the conduction in the
both sides; (c) no conduction.

. Diodes may come in the form of...

(a) evacuated electron tubes or semiconductors; (b) ca-
pacitor or inductance; (c) cathode-ray tubes.
Vacuum diodes do not have...

(a) control grids; (b) filaments; (c) highly evacuated
envelopes.

A single diode is called...

(a) a full-wave rectlfler (b) a full-wave bridge recti-
fier; (c) a half-wave rectifier.

A half-way rectifier... ~

(a) permits plate current flow every other half-cycle;
(b) does not permit plate current flow every-other half-
cycle; (c) permits plate current flow only every other
half-cycle during negative alternations of the ac input
voltage.

A half-wave rectifier has...

(a) an ac output voltage; (b) a large ac ripple voltage
at the same frequency as the ac power line; (c) a large
ac ripple voltage at the two-fold frequency as the ac
power line.

A full-wave rectifier.. ‘

(a) rectifies only one half of the ac input cycle;
(b) amplifies ac input voltage; (c) rectifies both halves
of the ac input cycle.
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15. The conventional full-wave rectifier requires...
~ (a) a plate-to-plate voltage twice the value of the
plate voltage for each diode; (b) a plate-to-plate voltage
equal the value of the plate voltage for each diode; (¢) a
plate-to-plate voltage less than the value of the plate
voltage for each diode.
16. A full-wave bridge rectifier uses...
(a) three diodes; (b) four diodes; (c) two diodes.
17. A full-wave bridge rectifier produces...
(a) no voltage output; (b) a voltage output nearly
twice that of the conventional full-wave circuit; (c) a
voltage output nearly equal that of the conventional
full-wave circuit.
(See kéys to the test on p. 149.)
L. Make up a plan on the texts from Section 1X.

Il. Write an account of basic principles of operating recti-
fiers.

Translate into Russian using a dictionary.

FILTER CIRCUITS

1. Although the rectifier circuits we have discussed deliv-
er an output voltage that always has the same polarity, this
voltage is not suitable as dc supply because of the pulsations
in amplitude, or ripple, of the output voltage. These pulsa-
tions must be smoothed out before the output voltage can be
applied to the electron tubes or transistors. The required
smoothing action is obtained by filter networks, consisting
of choke coils and capacitors.

2. The filtering action of coils and capacitors depends on
basic electrical principles. A capacitor opposes any change
in the voltage applied across its terminals by storing up energy
in an electrostatic field whenever the voltage tends to rise
and converting this stored energy back into voltage or cur-
rent flow whenever the voltage across its terminals tends to
fall.

3. An inductor coil or choke, for short opposes any change
in the magnitude of the current flowing through it by storing
up energy in a magnetic field when the current through it
tends to increase; and by taking energy away from this field
to maintain the current flow when the current through the
inductor tends to decrease.

4. Practical filter circuits are derived by combining the
voltage stabilizing action of shunt capacitors with the cur-
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rent smoothing action of series choke coils. If the first com-
ponent of the filter is a shunt capacitor connected across the
rectifier, a capacitor-input filter results; if the first compo-
nent of the filter consists of a choke coil connected in series
with rectifier output, a choke-input filter results.

5. A typical choke-input filter is illustrated in Fig. 23.

+ VS +
L
T0 ; D-C
RECTIFIER ' T ouTPUT
_ an*d

[

Fig. 23. Choke-input filter

The choke coil L at the input of the filter readily passes the
direct current from the rectifier, but opposes the ac pulsa-
tions. Any fluctuations in the current that remain after it
passes through the choke are largely bypassed around the
load by the shunt capacitor. ~

6. The action of the capacitor-input filter, illustrated in
Fig. 24 is slightly different from the choke-input filter. Here -
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Fig. 24. Capacitor-input filter

the rectifier output voltage first charges the capacitor to the
peak value of the pulsations. The capacitor tends to hold this
charge between successive pulses, though discharging slowly
through the choke and load. :

7. As a result, the filter output voltage drops off slightly
between successive pulses, but remains substantially near
the peak value. The output voltage of a capacitor-input fil-
ter is therefore higher than that of a choke-input for the
same ac input voltage. '

8. The remaining fluctuations of the rectifier output cur
rent are opposed by the series choke and bypassed to ground
by the output capacitor, C2. A small ac ripple remains which
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may be further reduced by adding additional, identical filter
sections in series.

2400

SECTION TEN

INTEGRATED CIRCUITS

1. The term “integrated circuit” (IC) is used to describe a
group of electronic elements connected together by a variety
of circuit assembly techniques® to perform a given electronic
function. The IC technique enables many electronic compo-

-~
-

DIODE  TRANSISTOR  RESISTOR
A B ) E

—7 7 !
COILECTOR  BASE FMITTER  OXIDE
INTERGONNECTION

Fig. 25. Cross-section display of portion of typical monolithic IC con-
taining diode, n—p—n transistor and resistor

nents to be manufactured simultaneously, and large quantities
of complex circuit can be produced in parallel. An IC con-
taining 50 to 100 transistors and other circuit elements can
fit on the head of a pin.?

2. There are two basic processing techniques used in the
fabrication of IC devices. The semiconductor technique,
which is an extension of transistor technology diffuses im-
purities into a block of silicon to form active (fransistors and

126



diodes) and passive (resistors, OXIDE
capacitors and inductors) ele- REEREEEEEEE
ments of the monolithic IC. The
film technique deposits material
on a common substrate to form
passive and active components.
3. We shall discuss here only
the first mode of fabrication, for
nearly all the IC devices available
on the market today are made TN
on the basis of this technique. (B) tsouATion DIFFLSIS

4, The fabrication of mono- %”

D-TYPE SUBSTRATE
(A) EPITAXIAL GROWTH

lithic devices is dependent upon a A A
the ability to selectively define P

and produce active and passive (C) BASE RESISTOR DIFFUSION
region in the chip. A cross-sec- s

tional view of a typical monolithic
chip and the circuit it represents
are shown in Fig. 25. This illus-
tration shows the common four-
layer epitaxial structure in uSe e swe— sw—_ e
and how the elements are elec- FRIAN N T, N
trically isolated with reverse- |RNg&
biased junctions.®

5. The basic processing steps (z)aummum InTERCONNECTION
for producing the four-layer epi-
taxial IC structure are illustrated Fig. 26. Processing’ steps used
sequentually in Fig. 26. The proc- to fabricate the circuit in Fig. 25
ess combines a number of pho-
toresist and diffusion steps in conjunction with the charac-
teristic property of silicon oxide to resist diffusion.

6. The processing of the IC begins with the growth of an
n-type epitaxial layer on top of a p-type -substrate (A). In
this technique all elements are formed in the epitaxial layer.
During growth of the epitaxial layer a protective layer of
silicon oxide is formed on top of the device. This oxide is
essentially impervious to the diffusion of impurities.

7. By selectively opening windows in the oxide, impuri-
ties can be introduced to selected areas of the chip to form
essential parts of the circuit. After opening up windows in
the oxide, the next step is the formation of isolated islands
in the n-type region. This is done by diffusing a heavy con-
centration of p-type impurities through the epitaxial layer
until the p-type substrate is encountered (B).
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8. Another oxide layer is now grown and windows opened
to permit formation of the transistor base and the resistor
with a p-type diffusion (C). The next step is the removal of
a portion of the regrown oxide to permit the n-type emitter
region to be formed (D). A final oxide layer is then opened
up to allow interconnections to be made between elements.
A deposition of aluminium (E) to form the interconnection
pattern completes the basic device fabrication.

9. Because of the relatively small size the transistors and
diodes are used so extensively on monolithic IC chip. Re-
sistors and capacitors require large amount of chip area, and
area on a chip is quite expensive. It should be noted that pres-
ent-day ICs are still primarily small-signal, low-power de-
vices. They have the following performance characteristics,
the frequency spectrum from dec to 250 Mcps, power levels
up to 2 watts, and voltage and current levels up to 50 volts
and 1 A, reSpectively. :

2300

Commentary

1. by a variety of circuit assembly techniques — nocpen-
CTBOM psjfia croco6oB cOOpKH ueneit

2. can fit on the head of a pin — Moryr pasmecturbes Ha
6yJIaBOYHOH rOJIOBKE

3. with reverse-biased junctions — ¢ nomompic o6parHo
CMeLIEHHBIX NepexofioB

Test

Finish each sentence choosing one of the three variants (a),
(b) or (c) based on the ftexts from Section X:
1. The term IC means...

(a) a new method of signal amplification; (b) trans-
forming electrical energy; (c) manufacturing electronic
circuits. ,

2. The two basic techniques used in the fabrication of IC
devices are...

(a) the semiconductor and vacuum technique; (b) the
semiconductor and film technique; (c) the film and vac-
uum technique. :

3. The active elements in IC are...

(a) diodes and transistors; (b) transistors and capac-

itors; (c) capacitors and resistors.
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10.

11.

12.

13.

14

. The passive elements in IC are...

(a) transistors and resistors; (b) capacitors and resis-
tors; (c) diodes and capacitors.

To form active and passive elements the semiconductor
technique...

(a) deposits material on the surface of the block of
silicon; (b) diffuses impurities into the block silicon;
(c) takes away material from some places of the surface
of the block silicon.

To form elements of electronic circuit film technique...

(a) deposits material on a common substrate; (b) dif-
fuses impurities into a common substrate; (c) heats a
common substrate to a high temperature.

. IC circuit illustrated in Fig. 25 comprises...

(a) a condenser, inductance and a transistor; (b) a
transistor, a diode and resistance; (c) a diode, a tran-
sistor and a condenser.

The process of fabricating IC by semiconductor technique
combines a number of...

(a) heating and cooling steps; (b) testing and control
procedure; (c) photoresist and diffusion steps.

. In the manufacture of monolithic IC all the elements are

formed...

(a) in the high vacuum envelope; (b) each separately
and only then they are integrated; (c) in the epitaxial
layer.

The layer of silicon oxide which is formed on the top of
the device...

(a) is a protective layer; (b) serves for electrical con-
nection of separate components of circuit; (c) serves for
circuit protecting from light radiation. ~ *~
By opening windows in the oxide, impurities can be in-
troduced to selected areas of the chip to form...

(a) active and passive parts of the circuit; (b) only
passive parts of the circuit; (c) only active” parts’ offthe
circuit. ,

A deposition of aluminium forms...

(a) p-n-p and n-p-n transistors of IC; (b) resistors
and a capacitor of IC; (¢) interconnection patterns_of IC.
The transistors and diodes are used extensively on mono-
lithic IC because of...

(a) their low reliability; (b) the relatively small size;
(c) the simple technique of manufacturing.

. It is required a large amount of chip area for...
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(a) resistors and capacitors; (b) semiconductor tri-

odes and diodes; (¢) interconnections between elements,
15. Present-day ICs are primarily...

(a) powerful amplifying devices; (b) high voltage and

low current devices; (c) small-signal and low-power de-

vices,
(See keys to the test on p. 149.)

I. Make up a plan on the fexts from Section X.

IL. Write an account of basic methods of producing integrated
circuits. :



Supplement

Word Combinations and Expressions

a lot of MHOro, MHOXECTBO,
macca

a number of psj, HECKOJIBKO

a series of (ueJnlit) psAN, HECKOJbe
KO

according to corsacHo

and so on H T.A.

along with Bmecre ¢, Hapsaay

as a consequence Kak Cle[cTBHe

as against_ N0 cpaBHEHHIO

as a matter of fact B nmeiicTBu-
TeJIbHOCTH

as a result B pesyapraTe

as compared to 1o cpaBHEHHIO C

as follows caenyloumum o6pasoM,
KaK HHXe ClAeRyer

as for urto Kacaercs

as if xak ecan 6k, KaK GYATO OH

as in the case Kak B ciayuae

as long as moxa

as mentioned above Kak Bhime
YIOMHHAJOCh

as soon as Kak TOJIbKO

as to yTO Kacaercsl, OTHOCHTE/ b~
HO

as well Takxke

as well as (a) Takxe (1), TaK xe
Kak

at all BooGme

at any rate Bo BCAKOM clydae,
no KpaiiHeit Mmepe

"at last HakoHelu, B KOHIle KOH-
(0]

at least no Kpailineii mepe

at once HeMelJeHHO, cpasy

at times BpeMeHaMu

bear in mind uMeTb B BHAY,
TIOMHHTb

because of us-3a, Gaaropaps

both ... and ¥ ... ¥; X3aK ... TaK 4

be due to o6ycaoBaHBaTHCS, 06D~

SCHATHCA, SABAATHCS pe3y/bTa-
TOM

by all means Bo BcAkOM cayyae

by far ropasgo, 3HaYHTENIbHO,
HaMHOTO

by means of nocpeacrsoM, NpH
NOMOLLH

by no means HHKOHM 00pasoM

but for ecan 6n He

by the way MeXxay npounm

compared to mO CpaBHEHHIO C

contrary to B HpPOTHBOMNOJOXK-
HOCTb, BOMpEKH

depending on B 3aBHCHMOCTH OT

due to BBHAY, BCAEACTBHE, M3-32

each other apyr apyra

either ... or HJAH ... HJH

even though paxe; xoTa (Gbl)

ever since ¢ TOro BpeMEHH, C
T€X mop Kak

except for 3a HCKJlOUEHHEM

except that 3a uckaouenneM (T0-
ro, 4T0)

first of all Bo-nmepBHX, mpexje
BCEro

for example

for instance } HanpHMEep :

for one thing Bo-mépBBHIX, Npex-
Ie Bcero

for short xopoue, A KPaTKOCTH

for the purpose of B mensx, ¢
HeJbio

for this reason mo 3TO# NMpHYHHE

if any ecau BooGuie (TakHe HMe-
I0TCf), €CJAH TOJBKO

if it were not for ecan Gu He

if that is the case ecau Tak

in accordance with B coorser-
CTBHH C, COIVIacHO

in addition (to) BmoGaBoK, Kpo-
Me Toro, K TOMYy e

-
~
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in all B obmes crommocty

in all respects Bo Bcex oTHomeHHsX

in any case Bo BcskoM cayyae

in as much as nockonnky; BBHAY
TOTO, YTO

in case B cayuae

in conjunction with B casan c,
BMecTe

in connection with smecre c, B
CBA3H C :

in consequence (of) Bcaencrrue,
B pe3yJbTaTe R

in contrast B npoTHBONOMOKHOCTE

in comparison with no cpaBHe-
HHIO C

in effect B JeACTBUTENBLHOCTH,
AEHCTBHTRNBHO, (BAKTHIECKH

in general B o6mewm, BoOGue

in fact B JEHCTBUTENbHOCTH, B
CaMoM nese, (akTHYeCKH

in its turn B CBOIO ouepens

in order that nas TOT0, YTOOEHI

in order to pas Toro, yrToGn

in other words npyrumu caosamu

in question o xoropom nger peus,
paccMarpuBaeMblit

in short kKopoue (rosops)

in spite of Hecmorps Ha

in the course of B Teuenue

in this manner takum o6pasom,
TaKHM Ccnoco6om

in this respect B 5Tom oTHOMmEHUY

in so far mockoneky; Taxk xak

instead of Bmecto (Toro, 4TOGbI)

in_turn B cBoo ouepens, mooye-
penuo

in view of Beugy

it follows that orciona crenyer

just as kak, xorzaa

keep in mind umers B BHLLY

“later on mnoaguee

lots of macca, MHOTI'0, MHOKE@CTBO

most of all Goabme BCEro;, B
O0COGEHHOCTH

no longer Gosblue ne

no matter HeBaxkwo, 6e3pasnuy-
HO, HE3aBHCHMO OT

of course komeuno

on account of Bciexcrsue, H3-3a

on the one hand ¢ ognog CTOPOHBL

on the contrary maoGopor

on the other hand ¢ Apyro#i cro-
POHBI

other than unaue

owing to Gnarogaps, BcaencTeie
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rather than a ne

regardless of He Baupas na

result in npusoguTe K, KaBaTh
B pesyjbTaTe

result from spasThCH pesyJin-
TaTOM

similar to anasornuno

since then c Tex nop, ¢ Toro
BpeMeHH

s0 as to Tak, yTO6HI

so far no cux mop; noxa

so far as mockosbKy, yro Kaca-
€TCs, HAaCKOJIbKO

so long as mnoka

such as xak, zanpumep

take advantage of Bocmosnpso-
BaThCs

take care of 3aGoTutscs

take part npummmars yuacrue,
Yy4acTBOBaThb

take place mmers mecro, npoHC-
XOJlHTb, CIAY4YaThCs

thanks to 6iaromaps

that is 10 ectn

that is why Bor mouemy

the ... the uem .., Tem

the former nepsnii us3 yrnomsi-
HYTHIX BBl

the latter mocnenunil us ynoms-
HYTBIX BbllIE

thus far noka uro; no cux nop

to some extent o HEKOTOPOI
CTenenu

to such an extent 5o Takoii cre-
TIeHu

twice as much s 1Ba pasa Gosbure
under any conditions npu Jg066x
YCIOBHSIX

under consideration npegcras-
JICHHBIA Ha pacCcMOTpeHne, pac-
CMaTPHBAEMEIH

up to j0; BHJIOTH JO

up-to-date HoBefimuii, COBpeMeH-
HBIH

were it not for ecau 6u me

with reference to OTHOCHTEJ/IbHO,
4YTO KacaeTcsi, CCbLIasich Ha

with regard to no ornomenuo K,
OTHOCHTENBHO

with relation to OTHOCHTEJIBHO,
4YTO Kacaercs

with respect to no ornowennio x,
B OTHOIUEHHH

worth while cTour



Reading Numerals

1/2 one half 3/4 three fourths
1 1/2 one and a half 0.1 zero (0, naught) point one
1/3 one third 0.04 zero (0, naught) point ze-
1/4 one fourth ro four
1/6 one sixth 0.25 zero (0, naught) point two
1/25 one twenty-fifth five
1/136 one one hundred and 4.6 four point six

thirty-sixth 5.37 five point three seven

2/3 two thirds

Reading Mathematical Signs (Terms)

+ plus 5% 5 fourth, 5 fourth power
— minus at a n-th, a n-th power
X or - multiplied by (times) Eo E sub C
: divideld by (over) a, a sub 2
= equals (is equal to) _ :
S greater than Io— E. I sub C minus E sub C
< less than Xg + 2o x_‘s_ucli) 3 plus z sub 2
() round brackets ___°c :
[ 1 square brackets * ab—1 x equals minus ¢
;A, t%er cent plus d divided by a multiplied
% three squared b mi 1 .
43 four cubed by b minus
Abbreviations
ac — alternating current i.e. id est = that is
dc — direct current ke. — kilocycle
a.f. — audio frequency ma. mA — milliampere
C — centigrade Mcps — megacycle per second
cm — centimeter n-p-n — negative-positive-nega-
amp. -— ampere tive
c.p.s. — cycles per second p-n-p — positive-negative-posi-
CRT — cathode-ray tube tive -
e.m.f. E.M.F. — electromotive sq. — square
force r.f. — radio frequency
etc. — et cetera = and so on via — by way of
IC — integrated circuit vs. — versus = against
VOCABULARY
a adjective mpuiarareapHoe num numeral YHCJAHTEIBHOE
adv adverb mnapeumne pron Pronoun MecTonMeHue
conj conjunction coios prep preposition mnpeaaor
7 noun CyLIeCTBHTEeJNbHOE v verb rmarox
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ability n cnoco6uocTs

abbreviate v coxpamars

above adv naBepxy, Bmume

abrupt a peskuii

abstract n pesiome , komcmext

accelerate v yckopsars

acceptance n npunsaTHE

acceptor atom arom aKLenTop-
HOH mpumecu - -

accidental a cayvafiuni

accomodate v npHCHoca6auBaTh,
CHa6XaTh; faBaTh MpHCTAHHImE

accomplish v COB€pIIAaTh, BHI-
NOJHATH

account n pmokaapn; coobuenue,
oTyer .

account for v o6bACHATL; oTYH-
TBIBATBCH ~

accurate g Toumml

achieve v goctmrars; ycnemso
BHINOJIHATD; :

acquire v mpuo6peraTh; aoCTH-
raThb

across adv nonepek; prep CKBO3b,
yepes, k

act v peiicrsoBaTh

actually adv pefictButenbuo

add v npuGasasrs, HPHCOeNH-
HATb; CKJajblBaTh

adjacent ¢ CMEXHBIH, NPUMBI-
Kawwui, cocequuii

adjust v perynupoars; npucno-
cabJHBaTh, NPUTOHATH

adopt v npunuMare; yCBauBaTh

advance n mpogsuxenye; ycnex

advantage n NPEUMYIECTBO, BRI~
roxa

adversely advu BpaxneGHo; He-
6aaronpusaTHO :

affect v BauaTs; geficToBaTs

after adv mortom, 3zareu; prep
nmocjie; conj mocse TOro Kak

afterglow n nociecsevenne

again adv cuoma, omate

aid v nomorars; n oMo b

aim n uenn; Hamepenue

air-conditioner n BEHTUJISATOD

allow v nossonaTs, paspewars

alloy n cnaas; IpHMeCh

almost adv mouru

alone a oxun, OAHHOKHH; ady
TOJILKO

alter usmensTs(cs)

134

alternating a nepevennui

alternation n nepeMeHa; moJoBH-
Ha IHK/Ia; 4epefoBaHHe

among prep cpepu, Mexuy

amount v KOXOAHTH (r0); coc-
TaBAATL (CyMMY); paBHATbCS;
n cyMMa, HTOr

amplification factor Koa(dunu-
€HT YCHJIEHHS

amplifier n ycuaurens

amplitude n aMIIHTYxA

angle n yron

aperture n orsepcTue; npoxop

apparent @ OYeBHAHBIN; BHAHMEIL

appear v NOKa3hLIBATLCHA; MNOAB-
AATHCS

appliance n npucnocoGaenye;
NpHMeHeHHe

application n npumenenue

applied science npukaannas Hay-
Ka

apply v mpumensTs; NpHJIaraTh;
NPHKJAaAHBATh

appreciate v ouenuBaTh; meHuTH

appropriate a NOAXOAAUUH, Co-
OTBETCTBYIOMKii

arise from v (arose, arisen)
BO3HHKATb, NOABIATHCS

arrange v ycTpamBaTh; pacrofo-
raTh; KaacCHGHUHPOBATDH

arrive v NpHOEIBATbL; NOCTHIraTh

arrow n crpeaka

artificial a uckycersenmmi

ascertain o YCTaHABJHBATh, Bhl-
SICHATDb

assign v Ha3HayaTh, ONpenedsiTh

associate v coegmuaTh

assume v JomyckaTh, mnpejia-
raTb, TpPHHHMMATh Ha ce6s

astonishing q YAHBHTE/BHEL],
H3YMHTENbHBIH

attach v npuxpemnsits, NpHKJa-
IBIBaTh

attain v gocrurars

attract v npurarusats

audio a 3Bykosoi

audio frequency output voltage
BEIXOJHO® HanpsuKeHHe 3By-
KOBOH YacToTsl

available o wanuummi; JlocTyn-

HBLH

average v B CpeJlHEM DaBHATbCH



avoid v uaberars
axis n (p! axes) ocb

B

balance v YypaBHOBEIUKBAaThb; 7
paBHOBeCHE

barrier n Gapbep; 3amupalomuil
caoi

base v ocHOBHIBaTb, n 6asa

beam n Jay4, NOYy4YOK

before prep nmeper, no; adv
panbure, yXe, BIepepu; conj
npexje 4eM

behave v mocTynaTe, BecTH cefs

believe v BepuTh, nojaraTb

bend v (bent, bent) usru6ats,
cru6ath .

besides adv, prep Kpome, KpoMme
TOTO

bias v cMmeniaTh; n CMelleHHE

bid v cTpemHTBCSH; BeJeTh

bind v (bound, bound) cBsI3bIBATE

bleeder resistor aenuTenbp Ha-
OpsAXKeHus

bond n cBa3b; covalent bond
KOBaJIeHTHas CBA3b

boost v ycuauBaTh, NOBHIIATH

both a, pron o6a, i TOT  APYyroi

bottom n JBO, HH3, HHXHAA
4acThb

branch n oTpacas

break down v (broke, broken)
paspymarbcs

bring about v (brought, brought)
OCyLIeCTBJSTh, BJleUb 32 cOGOk

build up v (built, built) cos-
IaBaTh

bulky a Goapuoi, 06BEMHCTHIH

bypass v IIYHTHDOBATb, 06x0-
IMTh; n IOyHT, Oainac; by-
pass capacitor MYHTHPYOMHU
KOHJieHCcaTop

C

calculate v BHIUHCAATL; MOACUU-
THIBATh

call v HashBaTh

cancel v YHHYTOXAaTh, AHHYJH-
poBaTh

capable a cmocoGHbI}

capacifance n €MKOCTb, €MKOCT-
HOe CONMPOTHBJEHHE

capacitor n KOHJeHCATOD, €M-
kocTh; capacitor-input filter
¢uapTp € EMKOCTHEIM BXOAOM

capacity n eMKOCTb, HOMHHANb-
Hasg MOINHOCTb; CIOCOGHOCTD;
TNpOM3BOAUTENLHOCTD; capacity
resistance eMKOCTHOe CONpPO-
THBJEHHE ‘

carbon n yrIepoA; YroJbHBIA
3J1eKTPOR

care (for, about) v 3aloTHTbCSH;
n 3a6ota, yXon

carrier n HOCHTEeNb, NEPEHOCUHK
(amepeuu)

carry v HeCTH, HOCHTb; NPOBO-
JLHTD

cathode-ray tube xatopgHO-nyue-
Basg TpyOKa :

cause U TNPHYHHATb, BHISHIBATH;
3acTaBAsTh; n NpHYAHA, OC-
HOBaHue; JeN0

cease v npekpamarb(cd), NPHO-
CTaHABJIHBATD

century n croJjerue

cell n sneMeHT

change v H3MeHATH

characteristic curve xpuBas Xa-
paxTepHCTHKA

charge v sapsxarTb; n 3apsn’

check v mpoBepsATh, KOHTPOJH-
pOBaTh; n MPOBEPKa, KOHTPOIH

chip n nnacruna

choke n ppoccenn

choke-input filter ¢duneTp C Apoc-
CeJIbHBIM BXOJOM

choose v (chese, chosen) BLIGH-
paTh

circuit n uenmb, Koutyp; closed
circuit 3amMkHyTas LeNb; mon-
olithic circujt TBepRas cxema

clamp v ckpelnsThb

clearly adv scuo

close a 6nuskuii; close to okoJno,
MOYTH, TPUGIH3UTENBHO

cloud n o6nako

coat v NOKpHBATh

coil n sa. Karymka; inductance
¢oil RatymKa HHIYKTUBHOCTH;
choke- coil ppoccenpHas KXa-
TyWKa -

coincide v . coBmajgaTh; COOTBET-
CTBOBAaThb

collapse v pymuTbCS

collector n KOJJEKTOP

collector-junction  KosaJeKTOp-
HEfl nepexon :

collide v crankuHBaThCs
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combat v Gopornca mpoTus we-
ro-a.
commercial ¢ npoMBIIIEHHbI
common-base amplifier ycuau-
Telb IO cxeMe c ofmell Gazoi
common-collector-amplifier
YCH/JIHTENb MO CXeMe ¢ o6mUM
KOJIJIEKTOPOM :
common-emitter-amplifier ycu-
JUTENL N[O CXeMe. ¢ ofumum
IMHTTEPOM -
communicate v coo6mars; coob-
WATHCS; CHOCKHThLCSH
communication n cBa3b
comparison 7 cpasHeHHe
completely adv cosepmenno
complicated a caoxnuif
compound n ‘coeguHCHHE
comprehension n nonumanue
comprise v BKROUATb; COfXep-
}XaTh; BMeWaTh ~
compute v CuHTaTh, NOACYHTHI-
BaThb
computer n CueTUHK, KOMIBIOTED
conceive v MOCTHraTh; NMOHHMATH
concern v HHTEPECOBATHCA; Ka-
catbest
concerning adv ortHOCHTeNbHO,
4TO Kacaercst
condenser n KoHpgencatop
condition n ycmosue
conduct v mpoBoauTH
conduction n nposogumocTs
conductivity n ynenbuas nposo-
JAHMOCTb; 3J€KTPONPOBOJHOCTE
conductor n npoBogHHK
configuration n kKoudurypauus;
ouepraHue; dopma
confine v orpanuuusats
connect v coeqUHATL
consequently adv cienoBatenbuo
consider v paccmatpuBaTh, 06-
CYXKAaTh
considerably adv srauuTtennbno
consist (of) v cocrosiTe (us)
constant n mocTosiHHAas BeaHuu-
Ha; @ NOCTOSHHLIH
constituent n cocraBmas wacrts
constitute v cocrapasiTs
consume v NOTPeGAATH
consumption n notTpeGienue; pac-
xo[
contain v conepxarth, BMemaTh
continual o GecnpepuiBHBI
continue v mpomomxarts
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continuous o nocrostunmbil (0 mo-
Ke); HempephIBHBIH

contribute v copeiicTsoBarts, cro-
COGCTBOBATh; CHenaTb BKJaj
(6 Hayxy)

control v ynpasasiTe; peryaupo-
BaTh; 1 PeryJMpOBaHUe; YIpan-
JIEHHe, KOHTpOJb; control grid
YOpaBafomWAas CceTKa

conveniently adv yno6uo

conventional a crampapTHH;
OGBIYHBIN, OGUIenpUHATHIH

converge v CXOAUTbCS (0 AuHU-
ax, 0opoeax); MPHOIUKATLCH

conversely adv naoGopor

conversion 5 npeepamenue

convert vy npeepamars

convey u nepenasaTthb

copious a OGUABHHI

copper n_ Mefb

core 1 CepAeuHHK

corresponding a COOTBeTCTBYIO-
LIHH

couple v coeaunsTe; n mapa

coupling n cBsasw; coupling ca-
pacity xommencaTop cBa3u

create v cosmasathb

critical a xpuThueckuft, pemaro-
MU I

Cross v InepecekaTh

current gain KospduuuentT=ycn-
JICHHS N0 TOKY

current voltage characteristic
BOJIbTaMIE€PHAS XapaKTEPHCTH-
Ka

curve n kpupas (AMHHS); H3THG

cut v pesarp, OTKIOYATH, cut
off orcekars

cut-off n orceuka, OTKJIIOUEHHE,
BLIKJTIOUEHHE

cut-off bias sanupawomee nanps-
JKeHue

cybernetics n xuGepnernka

cycle n nuka, nepuog

D

damage v MOBpeXAATh, MOPTHTD;
n TNOBpEXJAEHHEe; BPEN

damped a s3atyxalomuii, pemn-
¢dupoBanHbIH

damping n satyxauue, raymenue
(cuenana)

data p! nauuse (sing. datum)

decrease v ymeHnmarth



deficiency n HepocTaTok, OTCYyT-
cTBHE

define v omnpeneasTs

deflection n oTknonenue

degenerative feedback oTpuua-
TelbHasl o6paTHas CBfA3b

degree n cremenb; rpagyc

delay v 3azepXuBaTh; n 3afepx-
Ka

deliver v pocrtaBnsTh; INepena-
BaTh

denote v o6osHauathb

density n NJI0THOCTB, KOHLEHT-
pauus

depend (up)on v 3aBHCeThb

deposit v ocaxparth

derive v npoOHCXOAUTh; IIPOU3-
BOJHTD

describe v omnmuchBaTh

design v DpOEKTHPOBATh; KOH-
CTPYHPOBATh; 7 MPOEKT; KOH-
CTPYKUHS, pacuer

desire v Xenats

detector n nperextop

determine v omnpejenaTs

develop v pasBuBaTh; paspaba-
TEIBATh

device n npncnocomeﬂue; Me-
xanu3M; output device ycrpoit-
CTBO AJsl BHJAYH Pe3yJabTaTOB

diamond n anmas

diffuse v pacmpocTpanaTh; pac-
CeuBaTh

dim g TyCKABIH; HeACHHIH

dimensions n pasmephl, BeJHYHHA

diode n puon

direct current (dc) mocTosiHHBIH
TOK

directly adv mpsmo; HenocpexcT-
BEHHO

disadvantage n HeBHIrOza, yuepo;
HeyJ06CTBO

discharge v paspsaxaTbcs; n pas-
PAR

discover v OTKpHIBaThb

discriminate (against) v orau-
4aTh, BBJGNSTb; KUCKPUMHHU-
POBAaTh;OTHOCHTLCS NO-Pa3HOMY

disintegrate v pacnaparbcs, pas-
pywmarbesi

dislodge v BHITECHSTH; BHOHBATH

displace v cmenaTh; nepememars

display v BHICTaBNSITH, NOKAa3hl-
BaTh; NPOSABASATb; n NpOsIBJe-
HHe, NOKa3s
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disrupt v paspuiBaTh

dissipate v pacceuBaTh

distinguish v pasnuuate; oTme-
4aThb .

distort v uckaxaTh; UCKDHBJIATH

distribute v pacnpenensiTs

disturb v mapymarte, Memarts

diverge v pacXORUTBCA; OTKJO-
HSITBCS _

divider n penurens, ReuTENbHOE
yCTpORCTBO

donate v pmapuTh, IKEpTBOBATH

donor n JoHOP (noaynpocodHux
¢ u30bimotHbIMU 3AEKMPOHAML);
“donor” atom arom HOHOpPHOH
TpHMECH

dope v BBOAHTL mpuMech; “doped”
germanium crystal xpucrana
repMaHusl ¢ IPHMECHIO

doping BBejeHue mnpumecH

dot n Touka

dotted graphs nyHKTHpHBIE JH-
HHUH

double junction casoennbii nepe-
xon

drain n morpeGienyue TOKa

drift v oTkIOHSTBCA; N CABHUT

drive v (drove, driven) xBurarsn,
TMPUBOAHUTE B JBHXKEHHUE; n Ie-
penaua, HPHUBOX

drop v napjaTth; cnanath; n ma-
Jienne

E

effect v coBepuiaTh, BEINOJHATD;
n peiictue, BausfHHE; 3(eKT

efficiencyn snb(peKTnBHOCTb npo-
U3BOAKTENBLHOCTL;  KO3(hdHUIU-
€HT IOJIe3HOTO JeHCTBHS

efficient a gefictBennmit, 3¢-
(heKTUBHBLI

either a, pron xaxnaeiit (U3 ABYX);
o6a; M TOT W APYyro#

elaborate a jgeranbHO paspa6o-
TaHHBIH; CJOMKHBIK

elastic a ynpyruii, ru6xuii; anac-
TUYHBIE

electron gun 3JieKTPOHHAs NYIIKa

electron hole pair 3jekTpoHHO-
IBIpOYHAast napa

electron tube oscillator SJ1eKT-
POHHO-JIAMIIOBBL I'eHEPATOP

eliminate v ycTpaHaTh; YHHYTO-
XKaTh

emission s sMHCcCcHsI, MCIyCKa-
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Hue sjaektponos; field emis-
sion xosonHast 3MHCCHSA

emit v HCIYCKaTh, BHIAEIATD; H3-
JNy4uaTth :

employ v NpHMEHSTH, HCIONB3O-
BaTh

enable v naBaTh BO3MOXKHOCTB,
npucnocabayuBaTh

enclose v sakaOuaTh; BRJIAfL-
BaTb; OTOpaXHBaTh

engineering n TexHuka

enlarge v pacmupsaTh, yBeJIHUH-
BaTh

enter v BXOZUTH

enterprise n mnpexnpusrue

entirely adv Bceueno, cosepinen-
HO - :

envelope n Gansnon, KoaGa, Tpy6-
Ka. o

environment 71 OKpyXeHue, cpe-
pi:} ’

epitaxial a snHTeXKCHNBHBIN

equal v paBHATHCS; @ paBHHH

equip v o6opynoOBaThH

equivalent a paBHOUEeHHBIH, 5K-
BHBAJICHTHBIR

escape v JNaBaTb YTEuKy, YJery-
uynBaThCs (0 2asax, nape); n
BEIYCK, BHIXOX (napa)

essential o cymecTBenunii; He-
06XOXUMBL

establish v ycranasnusaTh; ocHo-
BHIBATB

evacuate v BHKauHBaTh, BHICA-
ChIBaTh, Pa3psiKaTh BO3LYX

even @ 4YeTHBIH; pOBHHIH; advy
namxe

eventually adv B KOHLe KOHLOB

evident a oueBHpHHI

exactly adv TouHO

exaggerate v npeyeesHunBaTh

examine v HCCIEIOBaTh; OCMAT-
pHBaTh

exceed U NpeBHIIATH; NMPEBOCXO-
IHTH

excess 7 H3JIMINEK, H3GHITOK

excessive a upesmepHRI

excite v BoaGyxpaTh (mok)

exist v cymecTBOBaTH

expand v pacmupaTs(cs); yBesnu-
uyuBarh(cs)

expect v XKIaTh; HafeATLCA; Npen-
noJiaraTtk

expend U TPaTHTb; PacxoiOBaTh
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expenisé n TpaTa, pacxoj

expestsive a poporoit

explain v o6bscHAT

explore v HCCAEROBATH

expose v TOABEprath AeHCTBHIO

express v BhIpaxaTh

expression n BeIpaxeHue

extend v TAHYTbCA, NPOCTHPATD-
cst

extensively adv mupoko

extent n crenmenb, pasmep; to
some extent px0 HekoTopoi
CTeNneHH

extinction n-satyxamme, ocna6-
JeHue

extract (from) v BHIpEHIBaTh; u3-
BJIEKATH

extremely adv wupessnuafino,
Kpaiine -

F

fabrication n npoussoxcTBO

face v croaTs mepen; n 3xpam
(kunecxona)

fail v me pocramath; He ypa-
BaThCH

fairly adv nosonbno

fall ©v (fell, fallen) mnanars;
fall off ornagats; yMeHnbInaTh-
cst

familiar a G6nuskuit; xopomo
8HAKOMBIf

family n (30.) cemeficTro

feed (fed, fed) v nurars; n
NUTaHKHE

feedback n o6paTtnas cBsiap; feed-
back factor xoadduunuenr o6-
parnofi cBssu; feedback loop
neris o6GpaTHOH CBA3H

filament n HuTHL Hakana; BOJO-
COK

fill v wanonusaTs

film n naenka

filter n duaprp

final a xoueuHn

finally adv nakonen

find out v (found, found) yana-
BaTh, OTKpHIBATH

fine @ Tomkmi; fine confrol
TOUHOE yNpaBJeHHE '

first adv cuauana, cneppa

fit v (in) npurouarts; (out)
cHabXaTh

fix v npukpennsaty



fixed ¢ nocrosuuufi; HenoxBUK-
HBIH; 3aKpemJIeHHbIi

flatten v BeipaBHMBaTH(Cs)

flexible a ru6xui

fluctuation n kKoseGanue, kKaua-
HHe

fluorescent screen .¢payopecuu-
pylOmHH 3KpaH

focus v coGupathcas B dokyc;
n ¢okyc

focus coil doxkycupyomas Ka-
TYLIKa

focusing n dokycupoBanue

follow v caepoBsarsh, HATH 3a;
HpecJaefoBaTh

follower n nosTopuTenn

for prep sa, pas, B TeueHue;
conj Tak Kak, u6o

force v sacraBaATh; ¢opcupo-
BaTb; 7 CHJA

forward bias npamoe cmemenue

forward resistance npsmoe co-
MpPOTHBJIEHHE

fraction n npo6b; uyacTuua, goas

frequently adv uacro

full-wave bridge rectifier BhI-
NpAMHTENb IO MOCTOBOH cCXe-
Me

full-wave type rectifier aByx-
NOJIyNepPHOAHLIH BHIIPSIMHTEND

function v ¢yuHKuHOHHpOBATS,
JeicTBOBAThL;, n (QYHKUUSA

funnel n Bopouka; a BOpouKO-
0o6pasHblit

further adv pannwme, nanee

furthermore adv xpome TOrO, K
TOMY Ke

fuse v nuaBHTBECH, CIVIaBAATHCH;
n  IIaBKHfl INpefoXpaHHTENb

fused junction nepexoa, mnoay-
YeHHBIH MepeKpucTadau3alnei

fused p—n- junction cnaaBHO#
p—n-nepexon

G

gadget n npucnocobnenue

gain v npuo6peraTb; JOCTHIaTh;
n  yBequyeHHe; KoappHLHEHT
yCHJIeHHS

gather v co6upars

generally adv BooGuwe, OGHIUHO

generate v reHepupoBaTh; BHIpa-
GaTbiBaTh, MPOH3BOJHTH

germanium n repMaHuii

give off v (gave, given) Bupe-
JISITh

give rise BHI3HIBaThb

give up otnamath

glow v cBepKaTh; 7 CBeyeHHUE;
HaKaja

goal n neas

govern v ynpaBJ/siTh; PeryJupo-
BaTh

graph n pnarpamma

grid-leak resistor pesuctop ce-
TOYHOH yTeuKH

grid-to-cathode voltage manps-
JKEHHE CeTKa-KaToj

grid voltage supply mnopgauya Ha-
NpPSIXKEHHS HA CETKY

ground n 3asemJyeHue, 3eMisd

grow v (grew, grown) pacrTH,
BhIpacTaTh H3, NepepacraTs

guide v ynpaBasiTh, pyKOBOAHUTH
*

H

half n nonosuna; half-cycle no-
JyMnepuos

half-wave rectifier ogzo-nmosy-
NMePUOAHLIA BHIIPSIMUTENb

handle v ynpaBisiTe; o6pamars-
ca ¢

heat v HarpesaTs(cs); n Temaora,
HaKaJ, Harpes

hence adv orciona, caegosatens-

HO

highly adv ouens

hinder v memars

hold v (held, held) nepxarts,
yIepXKHUBaTh

hole n peIpka

hollow a mnoawlf; nycroi

hook up v (30.) coexuudarsp

hot-cathode tube namna ¢ mogo-
rpeBHBIM KaTOJOM

however adv oaHako, TeM He
MeHee

humanity n uenoseuecTBo

tdentify v oToxpecTBnATH

image v usoGpaxartb, CO31aBaTh
usobpaxeHnue; n usoGpaxeHue

immediately adv memepsenuo

impact n yaap, TOT4OK, HMIYJbC

impart (o) v cooGuarts: nmpupa-
BaTb
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impedance n nosunoe compotus-
JeHne

impedance matching cornacopa-
HHE HJH TMOJATOHKA MOJIHLIX
CONPOTHBACHHH

impede v npensitcTBOBaTH; 3a-
JAepXKUBaTh, MeIlaTh

impervious g HenpoHHUIaeMElil

impinge v ypapfATecsi, mapartek

imply v moapasymeBaTsb; 3akJio-
4aTb B cebe .

impress v ycuauBaTh,

impurity n npumecs

incident g cayuafiumift; n cay-
yail; incident light magawomuf
CBeT

include v BkJIOYaTH

increase v BospacraTth, yBeJH-
uyuBath(csd)” ’

increment n Bospacranue, [pH-
pamesue -~

indeed adv peficTBUTENBHO

indicate v ykasuiBaTh, NOKa3Ll-
BaTh, O3HAYATh

indispensable a Heo6xXoxuMBL

induce v HHAYKTHpPOBaTb, BO3-
6yXJaaTh TOK

inductance n HHLYKTHBHOCTB; KO-
athdunueHT HacTpoiiky; induct-
ance coil KaTymka HHAYKTHB-
HOCTH

inductive reactance wuHIYKTHB-
HO@ COIPOTHBJIEHHE

- inductor n Karywka HHAYKTHB-
HOCTH

infinite ¢ Geckoneunwiit, Gearpa-
HHYHBLH

influence (on, upon) v BaH-
ATb; N BJUSHUE

initial ¢ nepBonauanbHbBI

inject v BBOZHTH, BHyCKATH,
BCHPHICKHBATD

input n BXop; a BxouHo#; input
transformer BxoaHO# TpaHc-
topmaTop )

insert v BcTaBaAThH; (24.) BKJIO-
49aTh

inside a BHyTpenHuit; adv BHyTpH

instant # MOMeHT; a@ MIHOBEHHBLH

instantaneous a MrHOBeHHBIH

insulate v usoauposath

integrated circuit uuTerpanbnas
nens

intensity n HanpsikeHHOCTb, HH-
TEHCUBHOCTh
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intentional a namepennniit

interfere v BMemIuBaTHLCS, MeIIaThL

intermediate a nmpomexyTouHHii

internal a BHyTpeHHHI

intersect v nepecekars

introduce v BBOZUTH

invent v usoGperath

inverse @ oGpaTHLIi

investigate v uccienosarp

involve v Bkaouats (B ce6s);
BBHI3LIBATh

irrespective @ nesaBucummlit, Ges-
OTHOCHTE/ bHEIH

J

Job n pa6ota

oin v coeguusTh(cH); mnpuCcoe-
THHATB(CS)

junction n nmepexop; coexuHeHHe

junction tetrode transistor mioc-
KOCTHBIl TOJYIIPOBOJHUKOBHIH
TETPOL

junction triode transistor msoc-
KOCTHEIHl TOJIYIPOBOXHHKOBHIH

TPHOX
just as Kak, korgma
K
key n kmiou

knock out v BHIGHBATH

L

lack v uCOHITHIBATHL ‘HENOCTATOK;
1 HEJOCTaTOK

lag (behind) v oTcraBats

layer n caoit, mmacr

leak v namath Teub; mnpocau-
BaTbCs; N yTeuKa

leakage n yTeuka

let v (let, let) no3BsoasiTh;
NycKarh; JaBaTb

level n ypoBeHs

liberate v ocBo6oxkaaTh

lie v (lay, lain) nexars; naxo-
JUThCS, 3aKII0YaThCs

line n JauHu#A, cTpPoKa

linear a auneitHnill

literally adv GykBanabuo

load v marpyxaTb; n Harpysxa;
load resistance wnarpysounoe
conporuBsenye; load resistor
CONPOTHBJIEHHE HArPY3KH

locate v pacnosmarate

loop n mnerisi; KOHTYp



loose a croSommerit; mpocTopum

lose v (lost, lost) TepsTe

loss n moteps

{fuminous a cBersmuiica; cBeT-
JIBIH

M

magnitude n Benuuuna; 3HAuH-
TeNLHOCTb, BAaXKHOCTh

main @ riaBHBIR

mainly adv raaBHBIM 006pasom

majority n GOJbBIIHHCTBO; ma-
jority carrier OCHOBHO#l HOCH-
Teslb

maintain v nojzepxusaTh, CO-
LepKaTh :

make up v (made, made) co-
CTaBJATD

management n yInpaBJjeHHe

mankind n uenoBeyecTBO

manual n pPYKOBOJACTBO; cOpa-
BOYHUK; Q@ pPYYHOH

manufacture v TPOU3BOJAUTH; 7
N POH3BOJCTBO

mark v oTMeuaTh

market n prIHOK

match v couerars; non6upars
nopx napy

matter n marepus; neao

mean v (meant, meant) s3sHa-
YHTh, HWMETb B BHAY

means n CpeicTBO

measure v H3MepsiTh; 7 Mepa

medium 2 cpema; a cpeRHui,
yMepeHHH i

melt v naaBuTh(cs)

mention v ynoMuHaTh; A ymo-
MHHaHHE

meter 7 CUETYUK; H3MEPHUTENb-
HBIH pHOOD

minority # MEHbUIHHCTBO; minor-
ity carrier HeOCHOBHOH HOCH-
TeNb 3apana

mixture n cmemuBaHHE; CMecCh

mobile a noaBHXKHOK

mode 7 pexHM

moderate g ymMepeHHEI; cpefHUi

modern @ coBpeMeHHBIH

modify v BHIOH3MEHATH

monitor v mpoBepATb, KOHTPO-
JHPOBaTh

moreover adu Kpome TOro

motion s JBHXeHHE, XOJ

mount v ycTaHaBJWUBATh, MOH-
THPOBAaTh

movement 2 JBHKEHHE

multiple n kpatHOe umHCIO; a
MHOTOKpaTHbIH, MHOTOYHCJEH-
HbIH

multiply v yBenuunBaTtb(cs);
YMHOXKAaTb
mutual a B3auMHBIE, 0GOIOLHBIH
N

namely adv a WMeHHO, TO €CTh

nearly adv nouTu, OKOJIO, NpPH-
6NU3UTENbHO

necessitate v jematb HeoGXOAH-
MbIM, BHIHYXKAAThb ~

neck n TopJOBHHA

negative @ OTpHIATENbLHBIA

negative dc bias orpuuarenbuoe
CMeLIeHHEe N0 MOCTOSHHOMY TO-
Ky

neglect v npene6perats

neighbour n cocen; a cocennuii

net @ UWCTHIA, TNOJNe3HbIH

network n ceThb, ueTHpexmnoJioc-
HUK

neutralize v HelTpanH30BaTh

nichrome n wuxpom

notation n u3o6paxkenue

note v 3ameuaTb

notice v 3ameuaTh; OTMEUATh

n-region 06;1acTh 7-IPOBOJHMO-
CTH

n-type
n-THIA

n-type material maTepuan ¢ npo-
BOJIUMOCTBIO N-TUNA

nucleus (p! nuclei) n sanpo

nullify v asHy/aupOBaTh; AelaTh
HeeACTBUTENbHbIM

numerous ¢ MHORGUHCJCHHBIH

0

obey v mNOBHHOBATbCS, MNOAUH-
HATBCA

obtain v nonyyarts

obvious g OueBHAHBIA, SBHBIX

occasionally adv Bpems oT Bpe-
MeHu; cAyuaiiHo;u3penKa

occur v NONajaThcs, BCTPeUaTh-
cst, caydarbes :

offer v mpennarate; offer resist-
ance OKasblBaTh CONPOTHBIE-
HHE

opening n OTBEpCTHE

operate v xefictBoBaTh, pao-
TaTh

germanium  repmMaHuii
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0ppose U OKaseiBaTh CONMPOTHBIE-
HHEe, COMPOTHBJATLCS

opposite a o6paTubiii; npoTHBO-
MOJIOXHEI

orbit v oru6ats; n op6ura

order n nopsjok

ordinary a o6EIYHbI

origin n npoucxoxnenne; Ha-
4ayo; HCTOYHHK

oscillate v koneGatncst; BHGpH-
poBaTts . :

oscillator n remepatop (xomeGa-
HHUH)

otherwise adv unaue; B mporus-
HOM cJayuae

outer @ BHemHHHN, HApyXHBI]

outermost ¢ caMuii gaabHHE OT
CepelUHHl, OT UeHTPa

output n BBHIXOA; BHIXOAHAA MOLI-
HOCTh; K.I.A.; oufput power
BBIXOJAHAA MOUIHOCTH; oufpuf
resistance BhIXogHoe compo-
TuBnenue; output transformer

BBIXOJHOM TpaHncopmarop;
output  voltage BuxogHOE
HanpsiXeHHe

overcome v (overcame, over-
come) NpeojosieTh

overlay v nmokpmBaTh

overload v meperpyxarp

oxyde n oxkucen

p

pair n napa

partial a vacTuumslll, HemomHwL

particle n uactuna

particularly adv ocoGenno, upes-
BHIUAfHO

' pass v NponycKaTh; NepenaBaTh
(moKx uepes yens)

peak n MakcuMyM (Hazpysxu)

penetrate v npomukars, npoxo-
JHTH CKBO3b

pentavalent o natuBaseHTHBIH

perform v BuHnonHATSH; coBep-
IaTh

performance n xapakrepucTHka;
paborta; pefcTBHe

permeability n nponumaemocts

permit v paspewarsn

persistence n (30.) nocnecseue-
HHUe

phase shift n casur dasu

phenomenon n (p! phenomena)
sIBJIEHHE
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plant n sasoa

plate n anox, naacrunka

plate current amoasnit TOK

plate supply voltage nogaua na-
NpsXXeHUs Ha aHOZA

plate-to-cathode voltage anos-
HOEe HanpsxKeHue :

plot v HaHOCHTB; uepTHTB; OT-
KJIajnBaTh Ha rpaduxe

p-material Matepuan c p-mpo-
BOJHMOCTbIO

p—n junction p—n nepexop

p—n junction diode numox ¢
D—n NepexoioM

F--1—p  junction
p—n—p TpaH3UCTOP

point n Touka; mymKT; Bompoc;
Jeno

point out v yxasmBars

poor a nIoXoH, GenHbIi

portion n wactp

positive a momoxHuTeNBHEL

possess v o6Jsanath

potential barrier mnoTennuasnb-
HHIA Gapeep

potential difference
MOTEHLHAJIOB

potential divider menurens na-
NpsIXKeHHs

power gain xoadduuHeHT ycuae-
HHSl 110 MONIHOCTH

power station siaexTpocranuus

power supply system cucrema
NMHTAHKHA, HCTOUYHHK MOU[HOCTH

power transformer cunosoii Tpan-
copmartop

practically adv dakTuueckn

precaution n npegoCTOPONKHOCTD

predominantly adv npeumymecr-
BEHHO

p-region oGaacte ¢ p-nmposoju-
MOCTBIO

present v npexcTaBIATDH

previously adv npexsapurennno

primary @ DepBHUHBIH; OCHOB-
HOH

probe n KocMHYecKasi CTaHIHS

procedure n mpouexypa; npouecc

proceed v NpHCTYNUTH, NEpelTH
K ueMy-J,

processing n o6pa6oTKa, H3rOTOB-
JIeHHe

produce v BHpa6aTHBaTB; NpPO-
H3BOJHTh; BHI3BIBATbH, OLITh
NPUYHHON

transistor

PasHOCTb



product n NpoAYyKT; pesyabTar;
(mam.) npouseeyieHue

profound a rayGoxuii

proper a HajJexamuit; NpaBuab-
HBIH; moxXoAAImui

properly adv co6cTBenHO; mpa-
BHJILHO; NOJIXKHBEIM 0Gpasom

property n cBoficTBo

proton n mpoToH

prove v JOKasbIBaTh;, OKA3bIBATh-
csl

provide (with) v oGecneunBarsb;
cHa6xaTe; INpeLYyCMaTPHBATh

provided conj npH ycJlOBUH; €clH
TOJIBKO

proximity n 6an3ocTb

p-type germanium repmanuit
p-Tana

pull v (30.) BHIPHIBATH; TAILHTB,
TAHYTh

pulse n HMOyJAbC, MOJYNEpPHOA
purpose n ueis

Q

quality n xavectso

quantitative a konuuecTBeHHBbI

quantity n xoJauHyecTBO, BENHYH-
Ha

R

radar n pajap, pagHoOJOKaTOp

radial a pajuanbHBIN; AyyeBOH

radiation n wanyuenue

radio frequency carrier Hecymas
paguouacroTta

radio-receiving panuonpuem

raise v MOAHMMAaTh; MOBHIIATH

range v KoJeGaTbCsl B Tpeienax;
n JAManasoH

rapid a GHICTpHIH, CKOpHIH

rate n CKOPOCTh; TeMll

rated value HOMHHaANbHAS BeJH-
YyuHA

rating n HOMHHaJbHOE 3HayeHue

rather adv 10BOJBHO, 1O HEKOTO-
poit cTeneHH; cKopee, BepHee

rather than a nHe

ratio n otTHowenune, kKosdppuHeHT

ray n ayu

reach v jpocrurats

reactance n peaKTHBHOE COIpO-
THBJIEHHE

readily adv nerko

realm n o6nacts, chepa

reason n npHYHHA

reasonable a npuemsiemnlfi; pa-
3yMHBIfI, Liesecoo6pasHblil

recall v BcnoMHHATh; HaNOMH-
HaTh

receive v moayuarh, NPHHHMAaThb

receiver n NpHEeMHHK

reciprocal a B3auMubll, 3KBHBA-
JIEHTHBIA

recognition n npuananue

recover v BOCCTaHaBJIHBAaTh

rectifier n BEIIpAMUTEND

rectify v BHNpamMaaTH

reduce v MOHMXKATb, YMEHbIIATh

refer v OTHOCHTLCST; CCHITATHLCS Ha

regard v paccMaTpUBaTh; CYHTATh

regard of He3aBHCHMO OT, HeB3H-
pasi Ha

regenerative feedback mnosoxu-
TelbHasg o6paTHas CBA3b

region n sona; o6nactb

register n cueTyux

reinforce v yxpennsiTh

relate v uMeTs OTHOmeEHHE

related a cBsi3aHHLIH; POACTBEH-
HBU .

relation n 3aBucHMOCTb, OTHOIIE-
HHe

relative a oTHOCHTENbHBIH, CPaB-
HUTENbHBIA

relatively adv oTHOCHTeNnBHO

relay v mepenaraTh; n pene

release v OCBOGOXKJaTh; OTHYC-
KaTb

reliable o HamexHblli; NPOYHHH

rely v monaratbcs, AOBEPATH

remain v ocTaBaThcd

remainder n ocrasmascs 4acTb

remote @ OTAaneHHBHIN; JIHCTaH-
LHOHHBIA :

remove v yAaJasiTh; CHHMAaTh

repair v peMOPTHPOBaTb, HCIPaB-
JISITh; N PEMOHT

repel v orTankuBaTh(Cs)

replenish v nonoJaHaTL, RAONOJ-
HATH

replica n konus

represent U TPeNCTaBAATb, H30-
6paxath

representation n Bocnpouasege-
Hue

reproduce v BOCNPOH3BOAHTH

repulsion n orTankuBanue

require v TpeGoBaTb

research v uccaegoBaTh; n uc-
¢1efl0BaHHE
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residual « OCTa’I“OquII'/’I; OCTaB-
wHicsa

resist v COMpOTHBNATBCS; NPOTH-
BOCTOSITh

resistance n snekTpuueckoe com-
porusienne; back resistance
o6paTHOE CONPOTHBJIEHHE

resistance coupling pesuctupras
CBS3B o

vesistance network uens noshl-
IIEHHOTO CONPOTHBJEHHUS

resistor n conportusienue

resonant circuit pesonancuHHil
KOHTYp

respectable a (30.) suaunTens-
HBI}

respectively adv coorsercrenno

respond v pearuposarb, OT3H-
BaTbCs

response n peakmus; OTBET

responsible a oTBeTCTBeHHHI

restrain v ciepxKuBaTh, yAepkKu-
BaTh

restrict v orpanuuuBarth

result from v ABAATHCST pe3ynn-
TaTOM

result in v IpUBOJKUTD K

retain v yaepxusartb, nomep-
XHBaTb; COXPaHITH

retard v 3amepxuBaTh, 3aMmen-
JISATh

retrace n o6paTHblil X0J, pa3sepT-
KH

return v BosBpamaTh(cs); #n BO3-
BpaT; OTAadYa; BO3BpauleHue

reserve U peBEpCHPOBATL; Me-
HATb (Hanpasienue Osudncerus
moKa)

revolution n moaunili o6opor;
KPyroBoe BpaiieHie

revolve v Bpamarbcs

rigid a KecTkui#l; HenmoxBUXKHEI

ripple n nyascanus

rise v (rose, risen) nogHHMaTHCS;
n TOABEM, NOBHILIEHHE

roam v GPOJAHTb, CTPAHCTBOBATb

rod n cTepxeHb, NPYT

rough a rpy6uiit; npuGauauTeh-
HBLH

rugged a npounsift

S

sandwich n (30.) croncrast cTpyx-
Typa
saturate v Hachmare
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saturation value Beanuuna Ha-
ChIIeH NS

saw-tooth a nunoo6pasumi

saw-tooth sweep generator re-
Heparop mNHJ006pPAasHOro Ha-
NpsiKeHHst

scanning n pasBepTka

scheme n nuian; cxema

scope n cdepa; pasmax, mpocTop

scores MHOKECTBO

screen 72 3Kpan

seal v 3amauBaTh, 3aKyNOPHUBAThH

search n NOHCKH; HCclefoBaHHe

secondary @ BTOPHYHLLH

section n uacTb, ceuenue, pas-
pe3; oTpe3ok

secure v rapaHTHpOBaTh, ofecme-
UHBATh

select v u36upare, BHOGHpATHL

selenium n cenen

semiconductor 1 noynpoBoAHHK

semiconductor diode junction no-
JIYIIPOBOJAHUKOBLIH  JAHOKHBIH
nepexox

sensitive ¢ yyBCTBUTENbHHBIH

separate v orpeanarts(cs), pas-
nensth(cs)

sequentially adv
TENbHO

series 7 psj, cepust

serve v CJHYXHTb

set v (sef, set) ycramaBauBarh;
n psaj, KOMIJIEKT

set up v cospaBaThb, YCTaHABJMH-
BaTh

several pron HeCKOJBKO

shape n ¢opma

sharp o ocTpulil; oruernHBHI;
peskuil

shed v (shed, shed) mposusars
(cBet)

shell n o6osnouka

shield v skpanuposats; samu-
IaTh; 1 9KpaH

shunt n wynr

sideways adv B cropony, B6OK

signal voltage nanpsixenue cur-
HaJja

silicate n cunukar

silver n cepe6po

similar a cxoxublli; DOXOGHBIH;
OAHOPOAHBIN

simultaneously adv opuoBpe-
MEHHO

InocsenoBa-



since prep.c; conj Tax kax; ¢ TéX
0P KakK; MOCKOJbKY

size n pasmep, BeJHYHHA

smooth v cria)uBaTh; @ POBHBIH

solid @ TBepamlil, cnJOWIHON; n
TBEpAOE TeJo

solution n pacTsBop; pelenne

somewhat n HekoTopas u4acTb;
adv OTyacTH, [0 HEKOTOPO#
CTENeHH )

sophisticated a ciaoxabI}

sound n 3BYK

source 7 MCTOUHHK

space n TIPOCTPAHCTBO; NPOMEXKY-
TOK BPEMeHH; ¢ KOCMHYECKHH;
space charge npoCTpaHCTBEH-
HBIH 3apsan

spacial @ mpocTpaHCTBEHHBIH

specific a 0OCOGHIl, OCOGEHHBIH;
XapaKTepHHIH

specify v TOUHO OTpPEAENSTh

speed n CKOpPOCTh

split v pacmenyare

spot n mATHO

square n KBajpar; @ KBajpaTHbIi

stable a noOcTOsiHHBIN; YCTOHYH-
BB

stage n Kackaj; CTyneHb, CTafus

state n cocTosiHHe

static a craTyueckui

steady a ycTOHYHBBIHA; MOCTOSH-
HBIA

steal v (30.) 3aHMCTBOBaTh

step n war; CTyneHb

step up v TOBHILIATH

still adv 70 cux mop, Bce ellE;
OLHAKO

store v 3amacaTth

straight a npsamoi

stress n HanpsKeHHe; JaBJeHHE;
yLapenue

strict ¢ cTporufi; TOUHBIH

strike v (struck, struck, stricken)
yEapaTh

striking potential mnanpsxenue
3aXHUTanus

structure n CTpOEHHE; CTPYKTYpa

subject v moxBepraTb BO3xeil-
CTBHIO, # TpPEIAMET

substantially adv no cymecTBy

substitute v 3aMeHsATb, 3aMenaTh

substrate n BemecTBO, cpefa, oc-
HOBa

subtract v BHIYHTATH

succeeding @ mocaexyouwui

successive a ciefyomui Ofu#
3a APYTHM, TOCHeIOBaTeNbHHI

suffer v cTpagaTh; HCHLITHIBATh

suffice (to, for) v GmTH mOCTa-
TOYHBIM

sufficient ¢ pocraTouHHli

suggest v nmpepiarath

suitable ¢ moaxonsuuii, rogHbIA

superimpose v HaKAaJbLBaTb; Te-
PEHOCHTb; HAHOCHTDb

supply v mnurath; cHabGXaTk; n
nojaua OUTAHHUS, UCTOUHHK MU~
TaHUs

suppose v nojaraTh; NPeanoarathb

surely adv xoHeuHO

surplus n usaumIeK; @ H3GLITOU-
HHIH; HO0GaBOYHBIN

surround v OKpyXaTh

sustain v mojpmepxKUBaTh; BHIHO-
CHTb; BHIIEPKHBATh

sweep n pasBepTKa, KauaHue, KO-
ne6GaxHue

switch 2 BolksIOUaTEAb; EPEKJIIO-
yaTenb; KJIIOU; U epeKJIoyarh;
BHIKJ/II0YaTh; BKJIOYATh

synchronizing circuit nenb cHux-
POHH3ALUH

T

tank circuit mapaanenvHblii pe-
30HaHCHBIE KOHTYD

tap n OTBOJ, OTBETBJEHHE; 3aXKHM

tape recording marauTodoHHAS
3anuch

technique n TexHmKa, Texuuue-
CKHe NpueMbl

tend v MMeTb CKJIOHHOCTb; Ha-
NP AaBJSITHCS o KNOHHTBCS

tension n pacTsxkeHue; Hanpsd-
JKeHue )

term v HaswBaTh

terminal n 3axum, KOHen

terminate v KOHuaThCH, 3aKaH-
YHBAThLCSI; OTPAHHYHBATD

test v UCNBITHIBATD; 72 HCIILITAHUE;
TECT

than cornj uem, Hexenu

then adv forpa, B TO BpeMs

thermal ¢ TensoBoit

thermionic @ TepMO3JeKTPOHHBIH

thin a Toukui

tickler coil kaTtymka oGpaTHO#
CBAI3H

tickler feedback oscillator rene-
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patop ¢ HE3ABHCUMBIM BO3-
GyXKIeHHeM :

tight a nuoramii; HEeNpoHHIlae-
MBI

time v ymnOXaTh; n Bpemsa; pas .

- tiny a kpomeunni

top n Bepx; Bepxuss wacTh

trace v mpocienuTh, uepTHTH; n
caen, yepra

transconductance n KpyrusHa
(xapaxmepucmuru ramnsy)

transducer n npeoGpasoparenn;
JlaTYHK; NPHEMHHK

fransfer v mepenasats; mepeme-
marTh, NEPEHOCUTh; 7 epefaya,
nepeHoc

transmit v nepenapathb

transmitfer n nepepatunk

treatment n o6pa6orka

trigger n Tpurrep; ycrpoiicrso
AJs 3anyckKa .

triode n Tpuog )

trivalent a TpexsanenTami

tube n Tpy6xa; namna (ssexmpon-
Haa)

tune v nacrpauBats; 3Byuats

turn v moBopauuBaTh; HABHBATH
(o6momry); n BuUTOK; oBopoT

turn into npeoGpasosuiBath, npe-
BpamaTh

turn to o6pamatecs K

turns ratio kospduuuent Tpauc-
(bopMauHyu; OTHOIIEHHE BUTKOB

U

undergo v (underwenf, under-
gone) noABEpPraThbCs; HCHLITHI-
BaTh

unidirectional ¢ ognonanpagen-
HEIA

unilateral a ogsocroponnui

unit n eguHuna, Nenoe; arperar,
CeKUHs, y3eJ, 3JeMEeHT

universal o sceoBmuft, yumsep-
caJIbHBIH
utilize v ucnonp3oBaTh

A

vacuum n nycToTa, paspsiKenue,
BaKyyM

vacuum tube sJexTponnas Jsam-
na

valence n BanenTHOCTB

value n Benuunna, sHauenue

vapour n nap

vapourize v ucnapaTbcs

variable n nepemennas (sesu-
YHH4); TmapaMerp

vary v MEeHfTbCSI, H3MEHAThCH

velocity n ckopocts; GmcTpora

vibrate v xome6aTbest; BEGpHpO-
BaTh

vice versa adv naoGopor

vicinity n (30.) o6aacts, sona

view n BupA; OCMOTp

virtually adv daktauecku

visible a BuAuMEI; sBHLA

visual @ spuTenbHHI

volume »n o6GmeM; rpoMKOCTh,
TOH

w

wasfe v TepsaTh

waveform n gopma curnana, dop-
Ma BOJIHBI

winding n o6MoTka

wire n IpoOBOMIOKa; NPOBOA; mpo-
BOJIHHK

wireless n paguo; a 6ecrpoBoJIoy-
HBIA

withdraw v Gpats wmasax; yga-
JATB(Cs)

within prep 8 npegenax, Buyr-
pH, B

witness v ma6aoxats

Y

yet adv eme; Bce eme; yxe;
conj onHako



KEYS TO TESTS
Section 1
Test 1. I: 1. electronics. 2. a compufer. 3. a huge radiotelescope.

4. a vacuum tube. 5. integrafed circuits
Test 2. I: 1.—h, 2.—j, 3—i, 4.—b, 5.—a, 6.—i, 7.—c, 8.—g,

9.—d, 10.—e

I: 1.—e, 2.—a, 3.—h, 4.—f, 5.—, 6.—4, 7.—c, 8.—b,
9—d, 10.—g . :

n: 1.—e, 2.—f, 3.—a, 4.—b, 5.—, 6.—c, 7.—d, 8.—e,
9.—h, 10.—1

Test 3: 1.—b, 2.—c, 3.—c, 4.—a, 5.—d, 6.—d, 7.—d, 8.—b,
9.—c, 10.—d, 11.—c, 12.—d, 13.—a, 14.—b, 15.—c, 16.—a,17.—c,
18.—d, 19.—d, 20.—c
: Test 4: 1.—b, 2.—c, 3.—b, 4.—c¢, 5.—b, 6.—a, 7.—b, 8.—a,
9.—c, 10.—b, 11—a, 12.—c, 18.—c, 14.—c, 15.—a, 16.—b, 17.—¢,
18.—b, 19.—a, 20.—c '

Section 2

Test 1: 1. an electron tube. 2. attractive surface forces. 3. thermio-
nic emission. 4. field emission. 5. thermionic emission
| Test 2: 1.—h, 2.—g, 3.—a, 4.—1, 5.—j, 6.—i, 7.—c¢, 8.—b, 9.—d,
0.—e

Test 3: 1.—c, 2.—b, 3.—d, 4.—a, 5.—b, 6.—d, 7.—c, 8.—bh,
9.—d, 10.—c, 11.—c, 12.—d, 13.—b, 14.—d, 15.—b, 16.—c, 17.—d,
18.—d, 19.—c, 20.—a -

Test 4: 1.—b, 2.—c¢, 3.—a, 4.—c¢, 5.—b, 6.—b, 7.—c¢, 8.—c, 9.—a,
10.—c, 11.—c, 12.—a, 13.—c¢, 14.—c, 15.—a, 16.—a, 17.—c¢, 18.~b,
19.—a, 20.—c : .

Section 3

Test 1: 1. a diode tube. 2. like charges. 3. negative charges. 4. po-
sitive charges. 5. an.electric field
Test 2: I: 1.—h, 2.—d, 3.—a, 4.—b, 5.—i, 6.—j, 7.—c, 8.—e,

9.—g, 10.—f
I: 1.—d, 2.—e, 3.—a, 4.—b, 5.—i, 6.—c, 7.—f, 8.—j,
9.—g, 10.—h

Test 3: 1.—c¢, 2.—d, 3.—a, 4.—b, 5.—c, 6.—b, 7.—c, 8.—a,
9.—d, 10.—¢, 11.—b, 12.—c, 13.—a, 14,—c, 15.—a, 16.—c, 17.—c,
18.—b, 19.—d, 20.—c

Test 4: 1.—a, 2.—c, 3.—b, 4.—b, 5.—a, 6.—c, 7.—b, 8.—b,
9.—c, 10.—b, 11.—a, 12,—a, 13.—c, 14.—c, 15.—b, 16.—a, 17.—¢,
18.—b, 19.—a, 20.—c
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Section 4

* 1.—AC, 2.—BD, 3.—AB, 4.—AC, 5.—ABD, 6.—AC, 7.—AD!

* 1.—B, 2.—A, 3.—ACD, 4.—B, 5.—C, 6.—A, 7.—AD, 8.—C

Test 1: 1. a triode tube. 2. a control grid. 3. a grid. 4. a plate.
5. a grid. 6. a signal voltage

Test 2: I: 1.—b, 2.—j, 3.—i, 4.—c¢, 5.—h, 6.—g, 7.—e, 8.—f,

9.—a, 10.—d

I: 1.—d, 2.—c, 3.—e, 4.—i, 5.—j, 6.—h, 7.—f, 8.—g,
9.—b, 10.—a

Ir: 1.—f, 2.—e, 3.—a, 4.—c, 5.—i, 6.—g, 7.—j, 8.—d,
9.—h,  10.—b

IvV: 1.—i, 2.—e, 3.—j, 4.—a, 5.—b, 6.—c, 7.—d, 8.—f,
9.—h. 10.—g

Test 3: 1.—d, 2.—c, 3.—b, 4.—a, 5.—c, 6.—b, 7.—d, 8.—d,
9.—c, 10.—b, Il.—c, 12.—a, 13.—b, 14.—d, 15.—c, 16.—d, 17.—a,
18.—b, 19.—a, 20.—b

Test 4: 1l.—c, 2.—c, 3.—a, 4.—b, 5.—a, 6.—b, 7.—a, 8.—b
9.—a, 10.—c, 11.—b, 12.—c, 13.—a, 14.—a, 15.—b, 16.—c, 17.—c
18.—b, 19.—a, 20.—b

s

Section 5

*1.—D, 2.—A, 3.—D, 4.—A

Test 1: 1. a cathode-ray tube. 2. an oscillograph. 3. electrons.
4. an electrostatic field. 5. an electron gun. 6. the vertical deflecting
plates

Test 2. It 1.—i, 2.—f, 3.—h, 4.—b, 5.—j, 6.—d, 7.—a, 8.—g,

9.—e, 10.—c

I: 1.—d, 2.—a, 3.—f, 4.—j, 5.—c¢, 6.—g, 7.—h, 8.—¢,
9.—h, 10.—i

Il: 1.—d, 2.—j, 3.—a, 4.—b, 5.—c¢, 6.—i, 7.—f, 8.—e,
9.—g, 10.—h

Iv: 1.—b, 2.—j, 3.—h, 4.—f, 5.—c, 6.—i, 7.—d, 8.—a,
9.—g, 10.—e

Test 3: 1.—d, 2.—d, 3.—c¢, 4.—d, 5.—b, 6.—b, 7.—b, 8.—b,
9.—b, 10.—c, 11.—d, 12.—a, 13.—c, 14.—d, 15.—c, 16.—b, 17.—c,
18.—d, 19.—a, 20.—b

Test 4: 1.—c, 2.—c, 3.—a, 4.—b, 5.—b, 6.—c, 7.—a, 8.—b,
9.—a, 10.—b, 11.—a, 12.—b, 13.—a, 14.—b, 15.—¢, 16.—a, 17.—c,
18.—a, 19.—B, 20.—c

Section 6
* 1.—BC, 2.—ACD, 3.—-BD, 4.—C, 5.—AC
Test 1: 1. a transistor. 2. a transistor. 3. germanium. 4. n-type

germanium. 5. p-type germanium. 6. a transistor
Test 2. I: 1.—d, 2.—a, 3.—f, 4.—b, 5.—g, 6.—c, 7.—e, 8.—1j,

9.—h, 10.—i

II: 1.—e, 2.—f, 3.—i, 4.—a, 5.—b, 6.—c, 7.—j, 8.—d,
9.—g, 10.—h

Ik 1.—b, 2.—h, 3.—a, 4.—j, 5.—c, 6.—i, 7.—d, 8.—e,
9.—f, 10.—g

Iv: 1.—g, 2.—h, 3.—i, 4.—b, 5.—c, 6.—j, 7.—f, 8.—a,
9.—d, 10.—e

1 Cm. Ilpepucnosue, crp. 6.
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V: 1.—¢, 2.—j, 3.—e, 4.—b, 5.—d, 6.—a, 7.—f, 8.—i,

9.—g, 10.—h

VI: 1.—f, 2.—g, 3.—b, 4.—j, 5.—a, 6.—d, 7.—c, 8.—i,
9.—h, 10.—e

vil: 1.—d, 2.—a, 3.—i, 4.—b, 5.—j, 6.—c, 7.—h, 8.—e
9.—f, 10.—g

) Test 3: 1.—d, 2.—b, 3.—c¢, 4.—d, 5.—c, 6.—d, 7.—a, 8.—d,
9.—b, 10.—a, 11.—b, 12.—c, 13—a, 14.—d, 15.—b, 16.—a, 17.—c,
18.—c, 19.—d, 20.—c

Test 4: 1.—c, 2.—b, 3.—c, 4.—a, b.—c, 6.—a, 7.—¢, 8.—¢, 9.—c,
10.—b, 11.—b, 12.—c, 13.—a, 14.—b, 15.—c¢, 16.—a, 17.—b, 18.—a,
19.—a, 20.—c¢, 21.—c, 22.—b, 23.—b, 24.—c, 25.—b

Section 7

Test 1. 1. an amplifier. 2. out of phase. 3. signal voltage. 4. high
amplification. 5. a transistor amplifier
Test 2. 1: 1.—j, 2.—a, 3.—g, 4.—b, 5.—d, 6.—c, 7.—e, 8.—i,

9.—f, 10.—h

I: 1.—c, 2.—j, 3.—a, 4.—b, 5.—d, 6.—i, 7.—e¢, 8.—¢,
.9.—h, 10.—f

I 1.—d, 2.—a, 3.—b, 4.—j§, 5.—c, 6.—i, 7.—e, 8.—h,
9.—f, 10.—g

IvV: 1.—c, 2.—a, 3.—j, 4.—b, 5.—d, 6.—i, 7.—e, 8.—g,
9.—f, 10.—h

V: 1.—e, 2.—j, 3.—a, 4.—b, 5.—i, 6.—¢, 7.—d, 8.—h,
9.—f, 10.—g

VI: 1.—i, 2.—j, 8.—h, 4.—b, 5.—a, 6.—c, 7.—i, 8.—d,
9.—e, 10.—¢g

Test 3: 1.—c, 2.—a, 3.—b, 4.—a, 5.—c, 6.—b, 7.—a, 8.—d, 9.—c,
10.—c, 11.—d, 12.—b, 13.—b, 14.—c, 15.—a, 16.—d, 17.—a, 18.—d,
19.—a, 20.—b

Test 4;: 1.—a, 2.—c, 3.—a, 4.—a, 5.—b, 6.—b, 7.—¢, 8.—b, 9.—c,
10.—a, 11.—a, 12.—b, 13.—a, 14.—b, 15.—c, 16.—a, 17.—b, 18.—a,
19.—b, 20.—a

Section 8

Test 1: 1.—a, 2.—b, 3.—c, 4.—a, 5.—a, 6.—a, 7.—b, 8.—¢,
9.—a, 10.—c, 11.—a, 12 —c, 18.—a, 14.—b, 15.—¢;"16.—a, 17 —c,
18.—b, 19.—a, 20.—a

Section 9

Test 1: 1.—b, 2.—c, 3.—b, 4.—a, 5.—c, 6.—b, 7.—a, 8.—a,
.9.—a, 10.—a, 11.—c, 12.—a, 13.—b, 14.—c, 15.—a, 16.—b, 17.—b

Section 10

Test 1: 1.—c, 2.—b, 3.—a, 4.—b, 5.—b, 6.—a, 7.—b, 8.—c¢,9.—c,
10.—a, 11,—a, 12.—c, 13.—b, 14.—a, 15.—¢c ‘
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THE RUSSIAN TRANSLATION OF THE TEXT “TRIODE CONSTANTS”

ITAPAMETPH! TPUOJA

1. CemefictBo xapakTepHcTUK TpHOIa, KOTOphIe OTIpefe-
JIFI0T XapakTepHEIEe CBOACTBA KaXJIOTO THIA JIaMIl, He SBJSIOT-
¢ clyyaiiHBIMH, CKOpee OHM MpeACTaBJIsIoT pesyJbTaT Lese-
HanpaB/eHHO! paspaboTKH, 3afauefi KOTOPOH SIBASIOCH CO3-
JlaHHe JIaMITH, UMelollell onpefesedHEle CBONCTBA. Kouerpyxk-
THBHBIE NIaHHEIE JIaMNIBI BHIDAXKAIOTCA PANOM BEJTHUHH, Ha3b-
BaGMbIX TapaMerpamu Jamnbl. Tpr HauGonee BaxHHIX napa-
MeTpa cieayomue: KosphUIUeRT YCHIEHHs, BHYTpPeHHee COM-
POTHBJ/IEHHE H KDYTH3HA XapaKTEePHCTHKH.

2. KospdumuenT ycunenus TpHOma sBasercs OLeHKOR
OTHOCHTeJIbHOH 3(eKTHBHOCTH ympaBAsioeli CeTKH B npeo-
AOJIEHUH 9MeKTPOCTATHUECKOrO IOJIS, CO3NABAEMOrO AHOJNOM.
Ilnst Toro 4To6H OmMpeneNHTH BeJHYHHY KoahdhunuerTa ycu-
JIEHHUsA, JOCTATOUHO HM3MEHHTb Ha ONPEAENeHHYI0 BelHUHHY
aHOLHOE HampsKeHHe, 3amHcaTh H3MeHeHHe aHONHOTO TOKa,
4 3aTeM H3MEeHHMTb HanpsIKeHHe Ha CeTKe TaK, YTOGH BOCCTa-
HOBHTL NEpBOHAYANbHOE 3HAYEHHE aHOAHOro ToKa. CpaBHH-
Bas M3MEHEHHe aHOJAHOTO M CETOYHOro HaNpSKeHHH NpH of-
HOM M TOM JXe M3MEHeHHH aHOLHOTO TOKa, MBI MOXEM OlIpe-
AGTHTb MX OTHOCHTE/NBHYIO 3(beKTHBHOCTb, KOTOpasi SIBJIsIeT-
¢ KOI(pPUIHEHTOM YCHIEHHS.

3. Mbl MozkeM ompenenuTh ero crenyouM o6pa3oM: Koag-

HITHEHT YCUJIEHHSA p = — —Z (51 H MOCTOSTHHOH BeJIUYHHe ]a ,
a AE,

rie AE; — Mamoe upHpameHHe aHOMHOrO HanpsiKeHHs;
AE; — Manoe mpuparienne ceTouHOro HampsiKeHHS.

4. BHyTpeHHee CONpPOTHBIEHHE XapaKTepHayer COTIPOTHB-
JIeHHe JIAMIILI IepeMEeHHOMY aHOAHOMY TOKY, KOTAA K SJIeKTpo-
AaM NpHJIOKEHO H3MEHsIOUleecs HampsikeHHe. BHyTpeHHee
COTIPOTHBJICHHE NEPEMEHHOMY TOKY OMNpefiesIfercsi KaK OTHO-
IIEHHE MaJoro NPHPALEHHUS aHOXHOTO HANPSKEHHS K BHI3HI-
BaeMOMy MM MaJIoMY NPHPAIIEHHIO aHOAHOTO TOKA, B TO BpeMsl
KaK CeTOYHOe HaNpsiKeHHe MONNEPKHBAETCH MOCTOSHHBIM.

5. BrIpaxast aTo onpenie/ieHHe B BHIe dopMyast, nosyqaem:

COTIDOTHBJICHHE JIAMIIBI TIEPEMEHHOMY TOKY Ri= 4, rne
a

Al mpencrapiser Majoe NpHpalleHHe AHONHONO TOKA.

6. TperbuM mnapameTpoM, NpHMEHSEMBIM IIS ONHCAHHS
CBOHCTB JaMn, $BJAfercH KpPyTH3Ha, of603HayaeMass CHMBO-
JgoM S. KpyTHsHa siBisieTcss HanGosee BamHEM napameTpom
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Aamiibi, Tak kak oHa onpefenster Hackodbko addekTHBHO CeT-
Ka yIlnpapJadaer H3MeHeHUsIMX aHOJAHOro TOKa JiaMIIbl.

7. OHa onpefieisieTCs Kak OTHOLUEHHEe MaJIoTo Npupatlenus
aHOJHOro TOKa K BBHISHIBAIOUIEMY €ro MaJjomy nipydpalleHnio
CeTOYHOro HanpsixkeHus. Beipaxas 3To B B opMYyJIHl, MOy~
yaeMm:

A “
KpYyTH3Ha: Szﬂ{ﬁ (mpu moctosiuHO# BenHuuHe Eg).

8. Bce 3TH TpU BeNMYHEH W, R;, S Moryt ObITh onpejese-
Hbl U3 AHOAHBEIX MJIH AHOJHO-CETOUHLIX XapaKTepHUCTHK JIaMIIbl.
Ec/iu u3BeCTHH! [Be M3 HHUX, TPETbA HAXOJHUTCS JIETKO, TaK Kak
BCErjJia MMEeT MeCTO paBeHCTBO: p= RyS

PaccmorpeHHEIE HaMH I1apaMmerphl JiaMnl LIHPOKO HCIOJb-
3yI0TCSl TIPH KOHCTPYHDOBAHHM M aHa/IH3e CXeM Ha 3JIeKTPOH-
HBIX JlamIiax.

THE RUSSIAN TRANSLATION OF THE TEXT “FEEDBACK
AMPLIFIERS”

YCUJIUTEJIU C OBPATHOH CBSI3bIO

1. O6paTHoil CBfA3bI0 HA3bIBAIOT Nepejauy 4YacTH SHepruu
C BbIXOJa YCHJIMTeNsi 06paTHO Ha ero BxoA. OHa OKasklBaeTcs
BechbMa MOJe3HOH, TaK KaK YMEeHblIaeT MCKaxKeHHs, BO3HHKAI0-
WHe B YCHIMTeNsX, W Aelaer pabory ycuiaurels Gojee cTa-
GUABLHOH 10 OTHOUIGHHIO K HM3MEHEHHAM Koa(puiueHTa yCH-
JIEHHS, BHI3bIBAEMBEIM KOJMEeOAHHSIMH CETeBOro HampsiKeHus,
CMEHHOM JIaMIIbl, UX CTapeHHeM H T. J.

2. O6parHasi cBA3b OblBaeT ABYX THIOB: pereHepaTHBHadA
WM TIONOXKHTeNbHas o6paTHas CBs3h H OTpHIaTenbHas 06-
paTHas cBssb. Korga curHan ofpaTHOM CBASH NOCTynaer
B (pase C BXOJHHIM CHFHAJOM, HMEET MeCTO pereHepaTHBHAf
WIM ToNoXUTeNpHad o6patHas cBsisb. O6 OTpHuUATeNbHOH
o6paTHOl CBA3M TOBOPST TOTMA, KOTAA CUrHaJ OGpaTHOH CBA3H
HaxoJUTCs B NpoTHBO(A3e C BXOAHLIM CHUTHAJIOM.

3. TlosoxurenbHas ofpaTHas CBsi3b YBEJIHUMBAET K03]-
¢unuent ycunenus ycuaurens. Hamporus, oTpunaTelbHas
o6paTHasi CBsisb yMeHblaeT KO3(hHIMEHT YyCHJeHHs, HO OA-
HOBPEMEHHO OHA YMEHbIIaeT W MCKa)KeHHs, BHOCHMBIE yCHJIH-
TesieM, 6Jarofapsi STOMy Mbl OyieM paccMATpHBAaThb B OCHOB-
HOM OTpHI@TeNbHYI0 oOpaTHyio cBsisb. KoatduimerT ycu-
JIeHHs YCHJIHTeNsl, OXBAaueHHOIO OTPHIATEbHOH o6paTHOH

cBsizblo, K =— 1’%371 , Tie A spasercs Ko3dphUIHEHTOM YCH-
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sintens Ges oGparnoil cBsisu, a i — KosdduEenTOM oBpaTHOH
CBfI3H.

4, Korma mpousBeleHile BA craHOBHTCA MHOro GoJblle
eJMHHUIbI, TMpeABAyllee BhIpaXkeHHe npeoGpasyercss K BHIY

1
K= 7 KoadpunueHT ycuienus ycuauTelass NpH 3TOM HeBe-

JIMK, HO 3aTO OH 3aBHCHUT TOJIBKO OT KoadbuuueHTa o6paTHOH
CBSI3H B U, TAKUM 06pa30M, COBEpPIIEHHO HE3aBHCHM OT Ko3(-
¢buupeHTa ycuneHuss A yCUIUTENA.

5. B pesyJbrate 3T0r0, KO3QPHUIHEHT YCHIICHHUS YCUIUTEIS
C CHJIbHOM OTpHIaTeJNbHOR OGpaTHOM CBA3BIO BechbMa .CTabu-
JeH M NpaKTHUYeCKU He 3aBHCHT OT H3MEHEHHS HanpsiKeHHs
IUTAHUS U CTapeHMs JiaMIl. DoJiee TOro, MOCKOJbKY YCHJIEHHE
3aBHCHT TOJBKO OT KOs(dHuiueHTa O6GpPaTHOH CBA3H f,. H3Me-
HeHUe Ko3dduiyieHTa YCHJEHHS C YacTOTOM WM YacTOTHas
XapakTepHCTHKAa MOJMHOCTBIO OIpelelsercss XapakTepoM Ko-
apgunrenTa. .

6. Ecsiu cursa/a o6paTHO# CBA3H NOJAAeTCs uepe3 Pe3HCTHB-
HYI0 1Llenb, o6paTHasl CBA3b H, CJeL0BaTeNbHO, KO3(ppUUHEHT
YCHJIEHHS] He MEeHsieTCsl NMpPU H3MeHeHMH 4acToThl. Takum 06-
pasoM, 4aCTOTHAs XapaKTePHCTHKa YCHJIHTeNs MOXKeT ObITh
CYLIECTBEHHO YJyullleHa NyTeM NpUMeHeHMsl CHJIbHOHM OTpuIua-
TeJbHOH 0oOpaTHOH CBS3H.

7. ®oH, mWyMBl U HCKAXKEHHsS, BHOCUMBIE YCHJIMTENEM, TPH
BBeJeHUH OTPHIIATE/NbHONH OOpaTHONH CBA3H YMEHBILIAIOTCSI TaK
e, Kak u ycunenue, B 1+ BA pas. Tlockoabky mnorepu B
YCHJIGHHH BCerjia MOryT ObITb CKOMIICHCHDOBAHBI yBEJNHYEHHEM
aMIJIMTYAbl BXOAHOTO CHrHa/la, NpPHMEHeHHe OTPHUATeJbHOH
OGPATHOH CBSI3H IMO3BOJISIET YMEHBIIUTD BeJHUHHY HCKaMeHUi,
IIyMOB U (hoHa.



